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1.0 EXECUTIVE SUMMARY 

1.1 Purpose 

In conjunction with the Process Definition and Concept Design of Wastewater Reclamation Facilities 

project, the City of Wichita Department of Public Works and Utilities (City) retained our Team to 

identify, evaluate, and recommend treatment alternatives to meet anticipated future capacity and 

regulatory needs utilizing a combination of treated flows from Plants 1, 2, and 5.  A review of the 

treatment technologies relative to economic and non-economic factors including capital and operation & 

maintenance, use of existing assets, and ability to expand was performed.  The findings of this 

investigation resulted in the recommendation treatment methods to be used in the development of the 

Business Case Evaluations.  

The City of Wichita operates five wastewater treatment facilities which provide treatment for their service 

areas within the City. The facilities are summarized below: 

Å Plant 1 ï Grove Street Pump Station 

Å Plant 2 ï Lower Arkansas River Water Quality Reclamation Facility 

Å Plant 3 ï Cowskin Creek Water Quality Reclamation Facility 

Å Plant 4 ï Four Mile Creek Regional Wastewater Facility  

Å Plant 5 ï Mid-Continent Wastewater Treatment Facility 

Plants 1, 2, and 5 are hydraulically connected, discharging within the Lower Arkansas River basin. Plants 

1 and 2 flows are combined for treatment at the Plant 2 facility and subsequent discharge into the 

Arkansas River receiving stream.  Plant 5 discharges into the Cowskin Creek receiving stream.  Plant 5 

initially served to reduce flows conveyed to Plant 2 while also providing improved effluent quality but is 

currently offline. While liquid is primarily treated at Plants 2 and 5, solids are treated in multiple 

locations. Screened material is removed via the Plant 1 headworks and screened material and grit is 

removed via the Plant 2 headworks for disposal, with all biosolids processed at Plant 2. Screened material 

is removed at Plant 5 headworks and biosolids are then conveyed via pipe to Plant 2 for processing. 

1.2 Selected Treatment (or Facilities Use) Scenarios ï 1, 2, 6 

Scenarios from the 2016 Master Plan were used as the foundation for the treatment alternatives 

assessment.  Three of the original five, plus a sixth scenario identified during the course of this study, 

were considered, reducing the scope to 25 unique treatment configurations, as briefly described below. 

In Scenario 1, flows from the Plant 1 service area would continue to be pre-treated at Plant 1 before being 

pumped to Plant 2 for further treatment. The extraneous flow holding basins at Plant 1 would continue to 
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be used during significant wet weather events. At Plant 2, a 36-MGD plant capable of biological nutrient 

removal (BNR) would be constructed to treat the majority of flow in the three service areas. Plant 2 

would process solids for the Plant 1 and Plant 2 service areas. Plant 5 would be rehabilitated and built-out 

to 6.0 MGD including the addition of on-site solids dewatering.  The Tyler Road Lift Station (Lift Station 

27) would be modified to pump 6.0 MGD to Plant 5 and would continue to pump flows in excess of 6.0 

MGD to Plant 2.  

Scenario 2 is similar to Scenario 1 in that Plant 1 pumps pre-treated flow to Plant 2, and Plant 2 serves as 

the largest plant in the three service areas. This scenario is unique from Scenario 1 in that Plant 2 would 

be the only wastewater treatment plant in the combined service area with a BNR treatment capacity of 42 

MGD. Plant 1 would continue to serve as a pretreatment plant (as in Scenario 1), and Plant 5 would 

remain offline. All solids for the combined service area would be processed at Plant 2. No improvements 

would occur at Plant 5 under this scenario. Improvements at Plant 2 would be generally the same as in 

Scenario 1 at a slightly larger scale to accommodate the increase in capacity over Scenario 1. 

Scenario 6 is similar to Scenarios 1 and 2 in that Plant 1 pumps pre-treated flow to Plant 2, and Plant 2 

serves as the largest plant in the three service areas. This scenario is unique in that Plant 2 would have a 

treatment capacity of 39 MGD. Plant 1 would continue to serve as a pretreatment plant (as in Scenario 1) 

and Plant 5 would be rehabilitated to treat 3.0 MGD. On-site solids processing would be constructed at 

Plant 5. Improvements at Plant 2 would be generally the same as in Scenario 1 at a slightly larger scale to 

accommodate the increase in capacity over Scenario 1. 

1.3 Regulatory Drivers  

There are several existing regulatory drivers that will continue to impact discharge permit requirements 

for the Cityôs Wastewater Treatment Facilities (WWTFs) over the next 40 years. Regulatory assessments 

are challenging over this time horizon due to the evolving regulatory landscape; therefore, this assessment 

is limited to current regulations, policies, and regulatory tools (e.g., Total Maximum Daily Load (TMDL) 

studies) and the TMDL impacts on future permit requirements. Continued implementation of Kansas 

Department of Health and Environmentôs (KDHE) statewide Nutrient Reduction Plan, regional water 

quality impairments, and revised ammonia criteria all have the potential to impact the Cityôs planning 

decisions.  

1.3.1 Nutrient Reduction Strategy 

Since 2004, KDHE has been pursuing a statewide Nutrient Reduction Plan. The plan targeted a 30 percent 

reduction in total phosphorus (TP) and total nitrogen (TN) throughout the state by emphasizing actions 
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that reduce nutrients rather than developing nutrient criteria (KDHE 2004). The plan requires nutrient 

removal at all new treatment plants and upgrades to major facilities to achieve reductions of nitrogen and 

phosphorus. To support the Nutrient Reduction Plan, KDHE requires major facilities to assess the 

feasibility of meeting two levels of nutrient reduction as NPDES permits are renewed over time. The 

range is illustrated by the following two levels of nutrient removal technology:  

¶ Biological Nutrient Removal (BNR): TN = 8 mg/L and TP = 1.5 mg/L (Alternatively, TN = 10 

mg/L and TP = 1.0 mg/L may be applied at the operatorôs discretion. In recent years however, 

KDHE has generally favored implementing the 10/1 goal.); and  

¶ Enhanced Nutrient Removal (ENR): TN = 5 mg/L and TP = 0.5 mg/L.  

Currently, the Plant 1/2 permit includes BNR goals (concentration and load) and the Plant 5 permit 

includes ENR goals (concentration only). Note that the term ñPlant 1/2 permitò is used herein to describe 

the effluent discharge limits from Plant 2 (which also includes the Plant 1 flows that are conveyed to Plant 

2 for treatment). A copy of the permit is included for reference in Appendix A.  

1.3.2 Current and Projected Nutrient Limits 

A summary of the current and projected nutrient limits and goals for Plant 1/2 and Plant 5 are 

summarized inTable 2-1 andTable 2-2 below.   

Table 1-1 Current and Projected Nutrient Limits and Goals ï Plant 1/2 

Permit Date4  TP Limit   TP Goal  TN Limit   TN Goal  
NO3-N 

Limit   

Current  --  
1 mg/L & 451 

lbs/day 
--  

10 mg/L & 4512 

lbs/day 
--  

2022  451 lbs/day1  1 mg/L  --  
10 mg/L & 4512 

lbs/day 
10 mg/L2 

2042  225.2 lbs/day3  0.5 mg/L  --  5 mg/L  10 mg/L2  

Note: Nutrient limits and goals assessed as a rolling 12-month average  
1 - Phase I of the 2019 Arkansas River TP and pH TMDL (based on a TP concentration of 1.0 mg/L and 54 MGD design 

capacity)  
2 - 2019 Arkansas River Nitrate TMDL  
3 - Phase II (starting in 2041) of the 2019 TP and pH TMDL (based on a TP concentration of 0.5 mg/L and 54 MGD design 

capacity)  
4 ï Indicates the anticipated permit renewal date. The final effective date of new or reduced permit limits will be subject to 

the terms of future compliance schedules that may be applied. 
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Table 1-2 Current and Projected Nutrient Limits and Goals ï Plant 5 

Permit Date5  TP Limit   TP Goal  TN Limit   TN Goal  

Current1  1.5 mg/L  0.5 mg/L  8.0 mg/L  5.0 mg/L  

2022  25.1 lbs/day2  0.5 mg/L  200.2 lbs/day4  5.0 mg/L  

2032  12.5 lbs/day3  0.5 mg/L  200.2 lbs/day4  5.0 mg/L  

Note: Nutrient limits and goals assessed as a rolling 12-month average  
1 - Nutrient limits based on the 2007 Cowskin Creek Biological Nutrient Impairment bundled with pH TMDL  
2 - Phase I of the draft 2020 Cowskin Creek TP TMDL. The TMDL loading limit is based on a TP concentration 

of 1.0 mg/L and 3 MGD and would likely remain unchanged regardless of Plant 5 flow.    
3 - Phase II (starting in 2032) of the draft 2020 Cowskin Creek TP TMDL. The TMDL loading limit is based on a 
TP concentration of 0.5 mg/L and 3 MGD and would likely remain unchanged regardless of Plant 5 flow.   
4 - Assumes the existing concentration TN limit of 8.0 mg/L will be converted to a mass-loading limit based on 3 

MGD. The loading limit would likely remain unchanged regardless of Plant 5 flow. 
5 ï Indicates the anticipated permit renewal date. The final effective date of new or reduced permit limits will be 

subject to the terms of future compliance schedules that may be applied.  

1.4 Plant 1 Improvements  

Plant 1 currently provides influent screening and wet weather flow equalization (as needed) prior to 

pumping to a diversion structure for gravity flow to Plant 2.  Plant 1 will continue to serve as a lift station 

and provide preliminary treatment and equalization of wastewater flows prior to conveyance to Plant 2 for 

all scenarios. Plant 1 upgrades will include improvements to the general site, wet weather holding basins 

repairs, replacement of influent pumping and clarifier equipment, and a new grit removal system and 

building.    

The following improvements are associated with the continued use of Plant 1: 

¶ Replacement of all eight (8) 25 MGD influent pumps and VFDs and retrofit of existing piping. 

The total pump capacity is 200 MGD. 

¶ Construction of an elevated grit removal system including four (4) 25 MGD stacked tray units 

requiring large diameter pipe and valving. The total capacity of the grit removal units is 100 

MGD. 

¶ Construction of a new grit dewatering building including new grit classifiers, grit pumps, and grit 

collection and disposal equipment.  

¶ Repair concrete and replace sluice gates in two (2) 5 MG and one (1) 24 MG extraneous flow 

holding basins. 

¶ Replacement of four (4) mechanisms for clarifiers with a 115 ft. diameter.  

¶ SCADA, communications, data collection, instrumentation, and controls systems improvements 

related to start-up/shut-down sequencing, nuisance alarms, and controls integration with new and 

existing processes. 

¶ Construction of a new access road and repairs to the existing asphalt road overlay. 



Treatment Alternatives [Part B] Revision D Executive Summary 

City of Wichita 1-5  Burns & McDonnell 

¶ Replacement of the existing mist eliminator odor control system with biotowers to provide odor 

control to the screening building, influent pump station, grit dewatering building, and diversion 

structure. 

 

The Class 5 capital cost summary for Plant 1 is estimated to be $50M , which includes equipment, 

installation, contingency, engineering, and ownerôs representation.  

1.5 Plant 2 Improvements  

Plant 2 was originally constructed in 1957 with major improvements completed in 1987 and 2000.   The 

facility is hydraulically connected to Plants 1 and 5 and currently provides liquid treatment process for 

flows from the combined facilities accounting for over 75 percent of the Wichita service area. Plant 2 has 

a permitted capacity of 54 MGD and is a two-stage biological treatment facility with the liquid treatment 

and centralized solids processing for Plants 1, 2, and 5.  

Plant 2 upgrades will include improvements to both the liquids and solids treatment process. Regardless 

of the chosen liquid treatment, the following areas will be improved: influent screening and pumping, grit 

removal, primary clarification, solids treatment and handling, and disinfection.  

A preliminary alternative screening was conducted in the context of maximizing the use of existing 

infrastructure, which includes existing trapezoidal aeration tanks with fine bubble diffusers, intermediate 

clarifiers from the current trickling filterer stage, existing WAS storage tanks, as well as the trickling 

filters. Technologies that are not compatible with the existing infrastructures (i.e., Nereda Activated 

Granular Sludge) were not considered for further evaluation. 

Three different treatment technologies were considered for Plant 2: 

¶ Conventional BNR with an A2O Process 

¶ Membrane Aerated Biofilm Reactor (MABR) Treatment Process 

¶ Mobile Organic Biofilm (MOB) Treatment Process  

Based on the treatment technologies identified for Plant 2, the below five treatment scenarios were 

selected for further development and costing. The configurations reflect a combination of liquid and 

sidestream treatment technologies. 

¶ A2O without Sidestream Nitrogen Removal 

¶ A2O with Sidestream Nitrogen Removal 

¶ A2O with MABR without Sidestream Nitrogen Removal 
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¶ A2O with MOB without Sidestream Nitrogen removal 

¶ A2O with MOB with Sidestream Nitrogen Removal 

 

The Class 5 capital cost summary for Plant 2 ranges from $270M to $320M (estimated), which 

includes equipment, installation, contingency, engineering, and ownerôs representation.  

1.5.1 Plant 2 Preliminary Treatment 

The following improvements to the preliminary treatment system are applicable to all treatment scenarios, 

with total/unit capacities suitable to the respective treatment scenario: 

¶ Construction of a new Headworks Building for influent screening and pumping.  

¶ Installation of three (3) influent slide gates, two (2) mechanical bar screens, and a bypass channel 

with one (1) manual bar screen.  

¶ Installation of four (4) influent pumps and four (4) VFDs. 

¶ Replacement of both grit removal units, grit pumps, grit screw conveyor and all internals with 

two (2) new vortex grit removal units, two (2) grit pumps, and two (2) grit classifiers.  

¶ Replacement of the existing grit pusher unit with a conveyor system with multiple discharge 

points into a dumpster or end-dump truck.  

1.5.2 Plant 2 Primary Treatment 

The following primary treatment improvements are applicable to all treatment scenarios, with total/unit 

capacities suitable to the respective treatment scenario: 

¶ Replacement of three (3) primary sludge and scum pumps.  

¶ Replacement of mechanisms on the three (3) primary clarifiers. Two of the primary clarifiers 

have a diameter of 205 ft. and the third has a diameter of 180 ft.  

¶ Installation of launder covers on all three (3) primary clarifiers.  

¶ Modification of piping to enable all three (3) clarifier sludge lines to be pumped to the sludge 

degritting system in the Grit Removal Building. 

¶ Rerouting all primary clarifier effluent piping to the Intermediate Pump Station. 

¶ Replacement of all five (5) submersible pumps at the Intermediate Pump Station.  

1.5.3 Plant 2 Secondary Treatment 

Implementation of the treatment alternatives described above requires major modification to the existing 

secondary treatment and this section summarizes the modification required.  
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Below are the major modifications common to all five treatment alternatives with exceptions as noted: 

¶ Conversion of existing six trains to three trains. The existing two (2) aeration basins and final 

clarifiers will be operated as one (1) train. The existing aerations basins will be configured to 

operate as anoxic, anaerobic and aerobic zone.  

¶ Construction of divider walls to create plug flow conditions through anaerobic, anoxic and 

aerobic zones.  

¶ Construction of three (3) new basins; one basin each train. The new basins will be configured to 

operate as anoxic and aerobic zone. Construction of basin is not applicable to MOB alternative. 

¶ The existing aeration basin diffusers for aerobic zone will be replaced with new diffusers. The 

anaerobic and anoxic zone does not require diffusers and therefore the existing diffusers from 

these zones will be removed. The new basins will be installed with diffusers for aerobic zone.  

¶ Installation of blowers in new blower building. Three (3) new blower buildings will be 

constructed to accommodate additional blowers. 

¶ Installation of walkway across the basins. 

¶ Installation of mixed liquor recycle pumps (MLR). 

¶ Installation of three (3) return activated sludge (RAS) pumps; one (1) pump per train to 

accommodate additional capacity. The additional RAS pumps will be installed in the basement of 

the blower building.  

¶ Piping and splitter structure modifications. 

¶ Construction of chemical building with alum feed system to support total phosphorus removal 

during system upset and also to polish phosphorus from the secondary treatment. The alum feed 

system will be designed to feed upstream of primary clarifiers and final clarifiers. 

¶ Electrical, Instrumentation and Communication (I&C), and Mechanical improvements. 

Additional improvements specific to the implementation of the A2O process with MOB include: 

¶ A2O with MOB alternative will retain the existing configuration of six (6) trains in operation. 

¶ Construction of waste activated sludge (WAS) screening room with wetwell, WAS pumps and 

MOB media screens. The additional WAS pumps will be used to pump MOB media from the 

WAS and return it to the aerobic zone. 

1.5.4 Plant 2 Solids Treatment and Handling  

The following improvements for treatment and handling of solids are consistent across all scenarios: 
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¶ Construction of a Sludge Thickening Building with a WAS holding tank, four (4) 500 gpm rotary 

drum thickeners (RDTs), five (5) 400 gpm RDT feed pumps, polymer storage, four (4) polymer 

feed systems, and a thickened sludge blending tank with two (2) submersible mixers. 

¶ Construction of a new Dewatering Building that includes solids and sidestream treatment 

equipment. The dewatering building will house four (4) dewatering centrifuges, two (2) 

conveyors, three (3) blowers, two (2) 200 gpm centrate feed pumps, and a 62,000-gallon centrate 

holding tank.  

¶ Replacement of digester mixing systems, gas safety equipment, all biogas piping, internal 

digester piping, and digester covers for the four (4) 100 ft. diameter digesters. 

¶ Installation of five (5) 63 gpm digester feed pumps in the existing Operations and Maintenance 

Building.  

1.5.5 Plant 2 Sidestream Treatment 

The following improvements are specific to the ammonia removal sidestream treatment process: 

¶ Construction of a new 50 ft. diameter centrate equalization tank served by three (3) coarse-bubble 

aeration blowers each with a capacity of 1,200 cfm and two (2) centrate feed pumps each with a 

capacity of 200 gpm. 

¶ Construction of a new 71,000-gallon deammonification tank with two (2) submersible mixers, 

two (2) submersible microscreen feed pumps, one (1) solids microscreen, one (1) 1,200 cfm 

diffuser grid, and an effluent discharge assembly. 

1.6 Plant 5 Improvements  

Plant 5 was proactively constructed and commissioned in 2010 to serve as a scalping plant and reduce 

projected sanitary sewer collection system capacity issues. Following an extended start up and 

commissioning period the plant was taken offline and made available for future service as needed.    

Reactivation of the plant considered future conditions triggered from the need for increased treatment 

capacity due to higher total flows within the basin areas served by Plants 1, 2 and 5 and/or the need to 

resolve collection system capacity issues.  Plant 5 is located in an area with strong levels of commercial, 

industrial, and recreational activity.  As such, a scenario could arise that will demonstrate the need or 

demand for additional water supply that could be met by reuse or the use of treated effluent.   

Due to the evaluation and characterization of the wastewater treated at Plant 5 during start up and 

commissioning activities, it is anticipated that modifications to the treatment process would be required 
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prior to commissioning for long-term service.  An evaluation of potential treatment technologies was 

performed in conjunction with this study.   

Treatment processes considered for Plant 5 include compatibility with the available space.  Additionally, 

if the water reclamation industry has experienced significant technology advancement, a re-evaluation of 

the available treatment process technologies would be warranted. 

Proven technologies and emerging technologies were evaluated to understand whether capital and/or 

O&M investment could be recognized. Emerging technologies were defined as processes that have been 

in operation full scale for up to 10 years. Two different treatment technologies were considered for Plant 

5.  The two treatment technologies evaluated include the aerobic granular sludge (AGS) and membrane 

bioreactor (MBR) processes.  

The Class 5 capital cost summary for Plant 5 ranges from $40M to $52M (estimated, 3 MGD to 6 

MGD, respectively), which includes equipment, installation, contingency, engineering, and ownerôs 

representation.  

1.6.1 Plant 5, AGS Proposed Improvements Plan 

The following improvements are applicable to all scenarios that include AGS treatment for Plant 5. 

Major preliminary treatment improvements include: 

¶ Replacement of the existing 2 mm influent screens with 6 mm influent screens 

¶ Addition of a vortex-type grit removal system in the screening area 

¶ Replacement of media in existing carbon odor control system to serve the screening and grit 

removal area 

 

Major secondary treatment improvements include: 

¶ Conversion of the pre-anoxic zones to a piping gallery serving the AGS basins. 

¶ Conversion of the aeration basins and post-anoxic to AGS basins. 

¶ Construction of water level correction (WLC) and sludge buffer tanks 

¶ Addition of AGS blowers, WLC and sludge buffer pumps. 

¶ Replacement of existing boiler equipment 

 

Tertiary treatment improvements include addition of disc filtration in the existing MBR tanks. Solids 

treatment improvements include construction of a pre-engineered metal building to house dewatering and 

odor control equipment. 



Treatment Alternatives [Part B] Revision D Executive Summary 

City of Wichita 1-10  Burns & McDonnell 

1.6.2 Plant 5, MBR Proposed Improvements Plan 

The following improvements are applicable to all scenario that include MBR treatment for Plant 5: 

Major preliminary treatment improvements include: 

¶ Construction of an intermediate submersible-type pump station 

¶ Addition of coarse screens upstream of existing fine screens 

¶ Replacement of media in existing carbon odor control system to serve the screening and grit 

removal area, and pre-anoxic zones. 

 

Major secondary treatment improvements include: 

¶ Replacement of existing blowers, diffusers, sludge pumps and mixers 

¶ Replacement of existing boiler equipment 

 

Major tertiary treatment improvements include: 

¶ Replacement of the existing membrane cassettes  

¶ Replacement of permeate pumps and air scour blowers 

 

Solids treatment improvements include construction of a pre-engineered metal building to house 

dewatering and odor control equipment. 

1.7 Off-Site Utilities and Asset Improvements 

Improvements to the Cityôs off-site utilities and assets include pipelines and pump stations within the 

service area, such as the Cowskin Interceptor Sewer Pump Station (or Lift Station 27) and the Cowskin 

Force Main.     

The Class 5 capital cost summary for the off-site assets is estimated to be $25M, which includes 

equipment, installation, contingency, engineering, and ownerôs representation.  

1.8 Cost Estimate Summary 

A Class 5 cost estimate was prepared for each configuration. However, final project feasibility and final 

project costs can be dependent on multiple factors, including actual site conditions, final project scope 

and implementation schedule, availability of labor, availability of materials and equipment, labor 

productivity, construction contractor's procedures and methods, unavoidable delays, construction 

contractor's methods of determining prices, economic conditions, government regulations and laws 
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(including the interpretation thereof), competitive bidding or market conditions, and other factors 

affecting such cost opinions or projections. 

The following provides a summary of the project capital costs, O&M costs, and Net Present Value (NPV) 

based upon the Class 5 estimate for each configuration.  

Table 1-3 Cost Summary, Improvement Alternatives 

Configuration Improvements 
Capital  

Cost ($M)  

1Capital 

Cost ($M) 

2Annual 

O&M ($M)  

3PW of 

Annual 

O&M ($M)  

3NPV ($M) 

1.1 
36 MGD P2 [A2O with SS],  

6 MGD P5 [MBR] 
$353 $378 $14.8 $342 $695 

1.2 
36 MGD P2 [A2O without 

SS], 6 MGD P5 [MBR] 
$343 $368 $15.3 $353 $696 

1.3 
36 MGD P2 [A2O with SS], 

6 MGD P5 [AGS] 
$362 $387 $14.0 $324 $686 

1.4 
36 MGD P2 [A2O without 

SS], 6 MGD P5 [AGS] 
$352 $377 $14.5 $335 $687 

1.5 
36 MGD P2 [MABR without 

SS], 6 MGD P5 [MBR] 
$369 $394 $15.3 $353 $721 

1.6 
36 MGD P2 [MABR without 

SS], 6 MGD P5 [AGS] 
$378 $403 $14.5 $334 $712 

1.7 
36 MGD P2 [MOB with SS],  

6 MGD P5 [MBR] 
$369 $394 $14.9 $346 $714 

1.8 
36 MGD P2 [MOB without 

SS], 6 MGD P5 [MBR] 
$357 $382 $15.4 $357 $714 

1.9 
36 MGD P2 [MOB with SS],  

6 MGD P5 [AGS] 
$378 $403 $14.2 $327 $706 

1.10 
36 MGD P2 [MOB without 

SS], 6 MGD P5 [AGS] 
$366 $391 $14.6 $339 $705 

2.1 
42 MGD P2 [A2O with SS], 

P5 offline 
$328 $353 $14.4 $332 $660 

2.2 
42 MGD P2 [A2O without 

SS], P5 offline 
$319 $344 $14.9 $345 $665 

2.3 
42 MGD P2 [MABR without 

SS], P5 offline 
$348 $373 $14.9 $344 $692 

2.4 
42 MGD P2 [MOB with SS], 

P5 offline 
$346 $371 $14.5 $336 $682 

2.5 
42 MGD P2 [MOB without 

SS],P5 offline 
$335 $360 $15.1 $349 $684 

6.1 
39 MGD P2 [A2O with SS],  

3 MGD P5 [MBR] 
$357 $382 $14.8 $343 $700 

6.2 
39 MGD P2 [A2O without 

SS], 3 MGD P5 [MBR] 
$347 $372 $15.3 $355 $702 

6.3 
39 MGD P2 [A2O with SS],  

3 MGD P5 [AGS] 
$358 $383 $14.4 $334 $692 

6.4 
39 MGD P2 [A2O without 

SS], 3 MGD P5 [AGS] 
$348 $373 $14.9 $346 $694 

6.5 
39 MGD P2 [MABR without 

SS], 3 MGD P5 [MBR] 
$374 $399 $15.6 $362 $736 

6.6 
39 MGD P2 [MABR without 

SS], 3 MGD P5 [AGS] 
$375 $400 $15.2 $352 $727 

6.7 
39 MGD P2 [MOB with SS],  

3 MGD P5 [MBR] 
$373 $398 $15.0 $347 $720 

6.8 
39 MGD P2 [MOB without 

SS], 3 MGD P5 [MBR] 
$362 $387 $15.5 $359 $721 
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Configuration Improvements 
Capital  

Cost ($M)  

1Capital 

Cost ($M) 

2Annual 

O&M ($M)  

3PW of 

Annual 

O&M ($M)  

3NPV ($M) 

6.9 
39 MGD P2 [MOB with SS],  

3 MGD P5 [AGS] 
$374 $399 $14.6 $338 $712 

6.10 
39 MGD P2 [MOB without 

SS], 3 MGD P5 [AGS] 
$363 $388 $15.1 $350 $712 

1 For all configurations, total capital costs increase by $25M to include improvements to the Cowskin Force Main and collection system. 
2 Life-cycle costs for each alternative were annualized across the 40-year service life and included in the annual O&M sum, excluding the 

collection system improvements.  
3 PW and NPV calculations do not include collection system improvements. 

1.9 Implementation Schedule 

Implementation of the improvements described herein are subject to completion of the planning and 

design activities, acquisition of adequate funding, securing construction contractor(s), and a variety of 

other factors.  While it may be necessary to complete the implementation of certain components of the 

Cityôs overall Program Plan due to disruptions in existing equipment performance or condition, the 

anticipated schedule for implementation follows: 

Program Area Planning Design Construction 

Plant 1 Improvements 2020-2021 2021-2022 2023-2027 

Plant 2 Improvements 2020-2021 2021-2022 2023-2027 

Collection System 

Improvements* 
2020-2021 2021-2022 2023-2027 

*Project implementation will be triggered by growth/capacity needs. 

1.10 Business Case Evaluation (BCE) Recommendation, Conclusion 

To prepare the City of Wichita for the impending KDHE BNR requirements for Plants 1, 2, and 5, 

twenty-five (25) unique improvement recommendations were determined.  Each configuration considered 

for the City included an analysis of the following: 

¶ Treatment capability (total, firm, and redundancy) 

¶ Non-economic benefit scoring 

¶ Class 5 capital costs estimates 

¶ Operations and maintenance and life-cycle costs 

¶ Total 40-year Present Value 

 

The results of the analysis indicated that the following configurations are the top overall improvement 

recommendations for the City: 
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Top BCE Alternative 1 (capital cost): Configuration 2.2  

¶ Plant 1 improvements for pumping, screening, grit removal, and excess flow holding 

¶ Plant 2 improvements for 42 MGD treatment capacity 

o BNR via anaerobic-anoxic-oxic (A2O) treatment process 

o No sidestream treatment1 

¶ No Plant 5 improvements 

¶ Collection system improvements  

¶ Capital Cost Estimate2: $344M  

¶ Annual O&M and Annualized Life-Cycle Cost Estimate3: $14.9M 

¶ 40-year Net Present Value3: $665M 

 

Top BCE Alternative 2 (40-year life-cycle): Configuration 2.1 

¶ Plant 1 improvements for pumping, screening, grit removal, and excess flow holding 

¶ Plant 2 improvements for 42 MGD treatment capacity 

o BNR via anaerobic-anoxic-oxic (A2O) treatment process 

o Sidestream treatment for nitrogen removal1 

¶ No Plant 5 improvements  

¶ Collection system improvements  

¶ Capital Cost Estimate2: $353M 

¶ Annual O&M and Annualized Life-Cycle Cost Estimate3: $14.4M 

¶ 40-year Net Present Value3: $660M 

 
1Note: Sidestream technologies may involve either nitrogen removal or phosphorus recovery, 

however for the NPV calculations presented above, only the nitrogen removal technology costs were 

used. 

2Note: Capital cost estimates include collection system improvements described herein. 

3Note: O&M, life-cycle, and NPV calculations do not include collection system improvements 

described herein. 
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2.0 INTRODUCTION 

The City of Wichita operates five wastewater treatment facilities which provide treatment for their service 

areas within the City. The facilities are summarized below: 

¶ Plant 1 ï Grove Street Pump Station 

¶ Plant 2 ï Lower Arkansas River Water Quality Reclamation Facility  

¶ Plant 3 ï Cowskin Creek Water Quality Reclamation Facility 

¶ Plant 4 ï Four Mile Creek Regional Wastewater Facility 

¶ Plant 5 ï Mid-Continent Wastewater Treatment Facility 

Plants 1, 2, and 5 are hydraulically connected, discharging within the Lower Arkansas River basin. Plants 

1 and 2 flows are combined for treatment at the Plant 2 facility and subsequent discharge into the 

Arkansas River receiving stream. Plant 5 discharges into the Cowskin Creek receiving stream. Plant 5 

initially served to reduce flows conveyed to Plant 2 while also providing improved effluent quality but is 

currently offline. While liquid is primarily treated at Plants 2 and 5, solids are treated in multiple 

locations. Screened material is removed via the Plant 1 headworks and screened material and grit is 

removed via the Plant 2 headworks for disposal, with all biosolids processed at Plant 2. Screened material 

is removed at Plant 5 headworks and biosolids are then conveyed via pipe to Plant 2 for processing. 

Plants 3 and 4 are hydraulically independent, serving the western and eastern portions of the City, 

respectively. Plants 3 and 4 are designed to meet the Kansas Department of Health and Environment 

(KDHE) biological nutrient removal (BNR) requirements and are not included in this report. 

2.1 Scope of Assessment  

The treatment improvement scenarios developed during the 2016 Master Plan were used as the foundation 

for the treatment alternatives assessment.  These scenarios were intended to drive the definition of the 

treatment process(es) and concept design for the Cityôs wastewater reclamation facilities to achieve 

adequate nutrient removal. The original five scenarios from the Master Plan, including a newly identified 

sixth scenario, were considered. Within the confines of the six scenarios, nearly 100 unique treatment 

configurations were deemed feasible for the City.   

2.2 Selected Treatment (or Facilities Use) Scenarios ï 1, 2, 6 

The identification of significant costs associated with demolition of the existing facility and construction 

of a new BNR treatment facility, agreement was reached with respect to reducing the quantity of feasible 

treatment configurations.  Thus, during Part A of the project execution, scenarios involving construction 
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of a new BNR treatment process at Plant 1 were removed from further consideration. Three scenarios 

remained and reduced the unique treatment configurations to 25, as briefly described below and in 

Chapter 3 (Facilities Improvements). 

In Scenario 1, flows from the Plant 1 service area would continue to be pre-treated at Plant 1 before being 

pumped to Plant 2 for further treatment. The extraneous flow holding basins at Plant 1 would continue to 

be used during significant wet weather events. At Plant 2, a 36-MGD plant capable of biological nutrient 

removal (BNR) would be constructed to treat the majority of flow in the three service areas. Plant 2 

would process solids for the Plant 1 and Plant 2 service areas. Plant 5 would be rehabilitated and built-out 

to 6.0 MGD including the addition of on-site solids dewatering.  The Tyler Road Lift Station (Lift Station 

27) would be modified to pump 6.0 MGD to Plant 5 and would continue to pump flows in excess of 6.0 

MGD to Plant 2.  

Scenario 2 is similar to Scenario 1 in that Plant 1 pumps pre-treated flow to Plant 2, and Plant 2 serves as 

the largest plant in the three service areas. This scenario is unique from Scenario 1 in that Plant 2 would 

be the only wastewater treatment plant in the combined service area with a treatment capacity of 42 

MGD. Plant 1 would continue to serve as a pretreatment plant (as in Scenario 1), and Plant 5 would 

remain offline. All solids for the combined service area would be processed at Plant 2. No improvements 

would occur at Plant 5 under this scenario. Improvements at Plant 2 would be generally the same as in 

Scenario 1 at a slightly larger scale to accommodate the increase in capacity over Scenario 1. 

Scenario 6 is similar to Scenarios 1 and 2 in that Plant 1 pumps pre-treated flow to Plant 2, and Plant 2 

serves as the largest plant in the three service areas. This scenario is unique in that Plant 2 would have a 

treatment capacity of 39 MGD. Plant 1 would continue to serve as a pretreatment plant (as in Scenario 1) 

and Plant 5 would be rehabilitated to treat 3.0 MGD. On-site solids processing would be constructed at 

Plant 5. Improvements at Plant 2 would be generally the same as in Scenario 1 at a slightly larger scale to 

accommodate the increase in capacity over Scenario 1. 

2.3 Regulatory Drivers  

There are several existing regulatory drivers that will continue to impact discharge permit requirements 

for the Cityôs Wastewater Treatment Facilities (WWTFs) over the next 40 years. Regulatory assessments 

are challenging over this time horizon due to the evolving regulatory landscape; therefore, this assessment 

is limited to current regulations, policies, and regulatory tools (e.g., Total Maximum Daily Load (TMDL) 

studies) and the TMDL impacts on future permit requirements. Some of these drivers can require 

significant changes at the existing WWTFs and must be considered as the City makes decisions regarding 
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long-term infrastructure investments. Continued implementation of Kansas Department of Health and 

Environmentôs (KDHE) statewide Nutrient Reduction Plan, regional water quality impairments, and 

revised ammonia criteria all have the potential to impact the Cityôs planning decisions. The City engaged 

Tom Stiles, KDHE Bureau of Water Director, on December 8, 2020 to gain insights and concurrence with 

this regulatory forecast.  A brief review of these drivers, as well as the forecasted impact on permit limits 

for the Cityôs WWTFs, is included below. 

2.3.1 Nutrient Reduction Strategy 

Since 2004, KDHE has been pursuing a statewide Nutrient Reduction Plan. The plan targeted a 30 percent 

reduction in total phosphorus (TP) and total nitrogen (TN) throughout the state by emphasizing actions 

that reduce nutrients rather than developing nutrient criteria (KDHE 2004). The plan requires nutrient 

removal at all new treatment plants and upgrades to major facilities to achieve reductions of nitrogen and 

phosphorus. To support the Nutrient Reduction Plan, KDHE requires major facilities to assess the 

feasibility of meeting two levels of nutrient reduction as NPDES permits are renewed over time. The 

range is illustrated by the following two levels of nutrient removal technology:  

¶ Biological Nutrient Removal (BNR): TN = 8 mg/L and TP = 1.5 mg/L (Alternatively, TN = 10 

mg/L and TP = 1.0 mg/L may be applied at the operatorôs discretion. In recent years however, 

KDHE has generally favored implementing the 10/1 goal.); and  

¶ Enhanced Nutrient Removal (ENR): TN = 5 mg/L and TP = 0.5 mg/L.  

Currently, the Plant 1/2 permit includes BNR goals (concentration and load) and the Plant 5 permit 

includes ENR goals (concentration only). Based on the information currently available, these goals are 

expected to remain unchanged in the near-term based on the Nutrient Reduction Strategy. KDHEôs 

current Nutrient Reduction Strategy implementation policies focus on achieving phosphorus reductions 

beyond BNR through process optimization. KDHE also recognizes the challenges with achieving nitrogen 

reductions beyond the BNR levels within the Strategy, particularly related to the need for supplemental 

carbon sources, and prefers that operators achieve practicable nitrogen reductions without supplemental 

chemical addition.  However, receiving stream impairments or Total Maximum Daily Load (TMDL) 

studies could result in lower goals or limits, which are discussed in greater detail in the following section.   

2.3.2 Impairment and TMDLs 

Per Section 303(d) of the Clean Water Act (CWA) and KDHEôs delegated authority, KDHE is required to 

identify waterbodies that do not meet water quality standards every two years. For these impaired waters, 

KDHE is required to develop a TMDL, or study that allocates pollutant loads to point and nonpoint 

sources, with the goal of restoring water quality and maintaining acceptable pollutant levels that protect 
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beneficial uses. Requirements for point sources to work within the allocations are implemented through 

NPDES permits and nonpoint source allocations are implemented through a combination of voluntary 

federal, state, and local programs. Existing and anticipated TMDL requirements that will impact the 

Cityôs WWTFs include the following:  

¶ 2007 Cowskin Creek Biological Nutrient Impairment and pH TMDL ï The current nutrient limits 

for Plant 5 are derived from the TMDL wasteload allocations (WLA) of 1.5 mg/L TP and 8 mg/L 

TN. The 2007 TMDL established WLAs for mechanical plants based upon BNR technology 

consistent with the Stateôs overall nutrient reduction strategy. However, nutrient goals at Plant 5 

are currently based on the more restrictive ENR technology. The existing TP limit will likely be 

reduced in the future to comply with the 2020 Cowskin Creek TP TMDL described below.  

Consistent with KDHEôs typical permitting policy, it is assumed that existing concentration-based 

nutrient limits will be expressed as a load in future permits.  

¶ 2020 Cowskin Creek TP TMDL ï In December 2020, KDHE proposed a draft TP TMDL for the 

portion of Cowskin Creek downstream from Plant 5 that was not included in the 2007 TMDL. 

The proposed TMDL will likely be finalized in early 2021 and will be implemented using a two-

phased approach. In Phase I, WWTFs are assigned a WLA of 1 mg/L of TP and will be 

implemented through 2031. If instream biological endpoints do not achieve regulatory targets by 

the end of Phase I, Plant 5 limits will likely be reduced to the Phase II WLA of 0.5 mg/L of TP in 

the permit renewal that follows the Phase II timeframe (2040).  A compliance schedule may be 

included during the following renewal permit; however, this schedule may be uncertain since the 

current permit already includes ENR goals for the facility. It is anticipated that the Phase I and II 

WLAs will be expressed as loading-based limits.  

¶ 2019 Arkansas River Nitrate TMDL ï This TMDL established a nitrate WLA (expressed as 

nitrogen) for Plant 1/2 based upon a concentration of 10 mg/L as NO3-N.  It is anticipated this 

WLA will be implemented as a concentration-based limit at the next permit renewal.  The TMDL 

will likely have no impact on the facilityôs existing TN goal of 10 mg/L and 4,512 lbs/day.  

¶ 2019 Arkansas River TP and pH TMDL ï This TMDL established TP WLAs for Plant 1/2 with a 

two-phased approach for reducing phosphorus loadings and concentrations.  The Phase I and II 

for Plant 1/2 WLAs are based upon the current design capacity of 54 million gallons per day 

(MGD), which should be retained for permitting purposes independent of the phased design 

capacity of the facility.  Phase I targets an instream TP concentration of 0.2 mg/L with an annual 
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TP WLA of 1.0 mg/L for mechanical treatment plants. The TMDLôs Phase I will be implemented 

through 2040. If instream biological endpoints do not achieve regulatory endpoints by the end of 

Phase I, the 2019 TMDL reduces the Phase II WLA to 0.5 mg/L with likely reduced limits in the 

permit renewal that follows the Phase II timeframe (2040).  A compliance schedule will likely be 

implemented within the permit to provide suitable time for planning and construction of new 

facilities if not achieved through process optimization. It is anticipated that the Phase I and II 

WLAs will be expressed as loading-based limits based on current permitting policies.    

2.3.3 State Ammonia Criteria Updates 

In 2013, EPA finalized new water quality criteria recommendations for ammonia. The updated criteria 

recommendations are more stringent than the previous 1999 criteria based on new toxicity data 

demonstrating that some organisms, particularly some species of gill-breathing snails and freshwater 

mussels, are more sensitive to ammonia than organisms used to develop previous criteria 

recommendations. On April 11, 2018, KDHE adopted the 2013 criteria into the state water quality 

standards.  As the revised ammonia criteria are implemented in upcoming permit renewals, ammonia 

limits will become more restrictive for the Cityôs facilities.  As with increasingly stringent nutrient limits, 

KDHE will likely provide ammonia limit compliance schedules to provide suitable time for planning and 

construction of new facilities if not achieved through process optimization. 

2.3.4 Current and Projected Nutrient Limits 

A summary of the current and projected nutrient limits and goals for Plant 1/2 and Plant 5 are 

summarized inTable 2-1 andTable 2-2 below.  Current and anticipated ammonia limits are summarized in 

Table 2-3. Anticipated ammonia limits were calculated based on current KDHE assumptions regarding 

temperature and pH. 

Table 2-1 Current and Projected Nutrient Limits and Goals ï Plant 1/2 

Permit Date4  TP Limit   TP Goal  TN Limit   TN Goal  
NO3-N 

Limit   

Current  --  
1 mg/L & 451 

lbs/day 
--  

10 mg/L &             

4512 lbs/day 
--  

2022  451 lbs/day1  1 mg/L  --  
10 mg/L &              

4512 lbs/day 
10 mg/L2 

2042  225.2 lbs/day3  0.5 mg/L  --  5 mg/L  10 mg/L2  

Note: Nutrient limits and goals assessed as a rolling 12-month average  
1 - Phase I of the 2019 Arkansas River TP and pH TMDL (based on a TP concentration of 1.0 mg/L and 54 MGD design 

capacity)  
2 - 2019 Arkansas River Nitrate TMDL  
3 - Phase II (starting in 2041 and anticipated in 2042 permit) of the 2019 TP and pH TMDL (based on a TP concentration of 

0.5 mg/L and 54 MGD design capacity)  
4 ï Indicates the anticipated permit renewal date. The final effective date of new or reduced permit limits will be subject to 

the terms of future compliance schedules that may be applied. 
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Table 2-2 Current and Projected Nutrient Limits and Goals ï Plant 5 

Permit Date5  TP Limit   TP Goal  TN Limit   TN Goal  

Current1  1.5 mg/L  0.5 mg/L  8.0 mg/L  5.0 mg/L  

2022  25.1 lbs/day2  0.5 mg/L  200.2 lbs/day4  5.0 mg/L  

2032  12.5 lbs/day3  0.5 mg/L  200.2 lbs/day4  5.0 mg/L  

Note: Nutrient limits and goals assessed as a rolling 12-month average  
1 - Nutrient limits based on the 2007 Cowskin Creek Biological Nutrient Impairment bundled with pH TMDL  
2 - Phase I of the draft 2020 Cowskin Creek TP TMDL. The TMDL loading limit is based on a TP concentration 

of 1.0 mg/L and 3 MGD and would likely remain unchanged regardless of Plant 5 flow.    
3 - Phase II (starting in 2032) of the draft 2020 Cowskin Creek TP TMDL. The TMDL loading limit is based on a 
TP concentration of 0.5 mg/L and 3 MGD and would likely remain unchanged regardless of Plant 5 flow.   
4 - Assumes the existing concentration TN limit of 8.0 mg/L will be converted to a mass-loading limit based on 3 

MGD. The loading limit would likely remain unchanged regardless of Plant 5 flow. 
5 ï Indicates the anticipated permit renewal date. The final effective date of new or reduced permit limits will be 

subject to the terms of future compliance schedules that may be applied.  
 

Table 2-3 Current and Projected Ammonia Limits ï Plants 1/2 and 5 

Notes: AML = Average Monthly Limit, in mg/L NH3-N; MDL = Maximum Daily Limit, in mg/L NH3-N.  

2.3.5 Nutrient Removal Piloting 

The City will require significant capital improvements to upgrade its treatment facilities to achieve 

nutrient removal in the future. The Cityôs largest facility (Plant 2) is a two-stage water reclamation facility 

consisting of roughing filters followed by nitrifying activated sludge basins.  

In order to determine the nitrogen and phosphorus removal viability with the existing process at Plant 2, 

Kansas Department of Health and Environment (KDHE) consultant, Grant Weaver, recommended 

piloting the below technologies. 

Phosphorus Removal ï RAS Fermenter 

¶ Convert one or both of the existing filtrate tanks as a RAS fermenter by pumping approximately 

10 percent WAS into filtrate tanks and return fermented mixed liquor (assuming VFA and 

Month 

Plant 1/2 Plant 5 

Current  Permit 2022 Permit Current  Permit 2022 Permit 

AML  MDL  AML  MDL  AML  MDL  AML  MDL  

Jan 6.3 8.9 2.8 9.3 4.8 8.6 2.2 9.0 

Feb 6.3 8.9 2.8 9.3 4.8 8.6 2.2 9.0 

Mar 3.8 8.9 2.3 9.3 2.9 8.6 1.7 8.4 

April  3.4 8.9 1.5 5.6 2.4 8.6 1.1 4.9 

May 2.6 8.9 1.2 4.2 1.9 8.6 0.8 3.6 

June 1.8 8.9 0.9 3.0 1.4 8.6 0.6 2.6 

July 1.8 8.9 0.8 2.6 1.4 8.6 0.6 2.4 

Aug 1.8 8.9 0.8 2.6 1.4 8.6 0.6 2.4 

Sep 2.6 8.9 1.1 4.0 1.9 8.6 0.8 3.6 

Oct 3.8 8.9 1.7 6.3 2.9 8.6 1.3 6.0 

Nov 6.3 8.9 2.6 9.3 4.1 8.6 1.8 9.0 

Dec 6.3 8.9 2.8 9.3 4.8 8.6 2.2 9.0 
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enriched PAOs therein) back into mainstream flow to improve biological uptake of soluble 

phosphorus during aeration. 

Nitrogen Removal ï Phased Simultaneous Nitrification/Denitrification (P/SNDN) 

¶ Cycle aeration (on/off) to produce alternating aerobic and anoxic conditions. Conversion of 

ammonia-nitrogen to nitrate-nitrogen during air-ON condition and conversion of nitrate-nitrogen 

to nitrogen gas during air-OFF condition.  

Feasibility of implementing the pilot technology at the existing facility was evaluated by the BMcD/HDR 

team and a Biowin model of the facility was created to evaluate the pilot technologies. Modeling and 

operations data suggest that the roughing filters remove a significant amount of the readily biodegradable 

carbon in the influent, which is critical for both biological phosphorus and nitrogen removal.  

Following meetings with KDHE and the City staff, and based on the recommendations of the KDHE 

Consultant, the RAS fermentation and P/SNDN were selected as the pilot technologies to be implemented 

within the existing Plant 2 facility.   

In a letter dated November 25, 2020, Tom Stiles, Director of KDHE Bureau of Water, provided 

enthusiastic endorsement for the City to undertake a pilot to evaluate potential treatment processes and 

technologies. He encouraged implementation of piloting efforts that would allow for incremental 

improvements at Plants 1/2 with minor, cost-effective additions and modifications to the existing 

treatment trains to further optimize biological processes to reduce nitrogen and phosphorus output in the 

effluent. The study is ongoing, and the results will be evaluated to determine if implementation will 

benefit the selected treatment alternative. Any modification to the alternative will be incorporated during 

detail design. 
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3.0 FACILITIES IMPROVEMENTS 

3.1 Introduction 

Six (6) treatment scenarios were presented in Part A Facilities Use report for Plant 1, 2 and 5, which 

focused on the location, existing treatment process and capacity of each facility. Based on the 

decisionSPACE model and as presented in Part A report, the City agreed to proceed with three (3) 

treatment scenarios as presented in below table. These three (3) scenarios were further evaluated as part 

of this report. The intent of this Part B Treatment Alternatives report is to evaluate and select treatment 

technologies to be utilized at each facility as well as identify improvements to the other unit processes 

required to serve the City through year 2045, the proposed planning period.  

As part of the three (3) scenarios, Plant 1 will continue to serve as a lift station; therefore, design flows 

will be identified for Plant 1; whereas Plant 2 will treat combined flows and loads from Plant 1 and Plant 

2, referred to as Plant 1/2. The three scenarios selected for further development in Part B are as follows: 

Scenario Plant 1 

  

Plant 2 Plant 5 

1 Pumping, Screening, Grit, EFHB. 

Flow to Plant 2 

  

36 MGD BNR 

Biosolids 
6 MGD (Rehab 3 MGD, add 3 

MGD) Flows > 6 MGD to Plant 2 

2 Pumping, Screening, Grit, EFHB. 

Flow to Plant 2 

  

42 MGD BNR 

Biosolids Offline 

6 Pumping, Screening, Grit, EFHB. 

Flow to Plant 2 

39 MGD BNR 

Biosolids 

3 MGD (Rehab) 

Flows > 3 MGD to Plant 2 

 

For the purposes of this report, Scenario 6 (39 MGD BNR for Plant 2) was selected to serve as the 

baseline alternative for modeling and cost analysis. Scenario 6 includes treatment at both Plant 2 and 

Plant 5 allowing for scaling to represent either a reduced or increased capacity need associated with the 

other scenarios. In the subsequent sections, design flows and loads, and improvements required for 

implementation of each technology have been provided for the Scenario 6 condition as well as design 

flows and loads associated with Scenario 1, which was selected by the City in the Business Case 

Evaluation. 

3.2 Plant 1 Improvements  

3.2.1 Description 

Plant 1 currently provides influent screening prior to pumping to a diversion structure that allows for 

gravity flow to Plant 2 or overflow to the equalization basins during wet weather as needed.  Plant 1 will 
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continue to serve as a lift station and provide preliminary treatment and equalization of wastewater flows 

prior to conveyance to Plant 2 for all scenarios. Plant 1 upgrades will include improvements to the general 

site, wet weather holding basin repairs, replacement of influent pumping and clarifier equipment, and a 

new grit removal system and building. Grit removal will be performed upstream of the diversions 

structure. 

3.2.2  Flows and Loads 

Historical influent flows and loadings information for Plant 1 was provided by the City for the past five 

years (2015-2019). As documented in the 2017 Sanitary Sewer Master Plan - Facilities (Burns & 

McDonnell, July 2017), the projected 2045 average day flow and peak day flow for plant 1 is 24 MGD 

and 56 MGD, respectively.  

Since Plant 1 is planned to continue functioning as a screening and grit removal system with discharge to 

Plant 2 for primary and secondary treatment, influent flow is the only important design parameter to 

consider for facilities sizing. The screening and grit removal system will be designed for a firm capacity 

of 80 MGD. 

3.2.3 Proposed Improvements Plan  

As mentioned previously, Plant 1 will continue to serve as a lift station and provide preliminary treatment 

and equalization of wastewater flows prior to conveyance to Plant 2 for all scenarios.  A summary of 

proposed improvements follows and are shown on Figure 3-1. 
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3.2.3.1 Preliminary Treatment 

The following improvements are associated with the continued use of Plant 1: 

¶ Replacement of all eight (8) 25 MGD influent pumps and VFDs and retrofit of existing piping. 

The total pump capacity is 200 MGD. 

¶ Construction of an elevated grit removal system including four (4) 25 MGD stacked tray units 

requiring large diameter pipe and valving. The total capacity of the grit removal units is 100 

MGD. 

¶ Construction of a new grit dewatering building including new grit classifiers, grit pumps, and grit 

collection and disposal equipment.  

¶ Repair concrete and replace sluice gates in two (2) 5 MG and one (1) 24 MG extraneous flow 

holding basins. 

¶ Replacement of four (4) mechanisms for clarifiers with a 115 ft. diameter.  

¶ Replacement of the existing mist eliminator odor control system with three (3) 12ft diameter 

biotowers to provide odor control to the screening building, influent pump station, grit dewatering 

building, and diversion structure. The biotowers will be designed for a contact time of 15 seconds 

and 12 air changes per hour (ACH).  

¶ SCADA, communications, data collection, instrumentation, and controls systems improvements 

related to start-up/shut-down sequencing, nuisance alarms, and controls integration with new and 

existing processes.  Note that SCADA, communications, data collection, instrumentation, and 

controls systems are currently available for the Cityôs use at Plant 1.  However, reliability and 

availability of the system are anticipated through network upgrades and replacement of obsolete 

components.  Network upgrades are expected to include implementation of a redundant, fiber 

optic-based star topology within the plant.  Existing control system components will be further 

evaluated to determine life-cycle status and replaced if necessary.  Programming improvements 

related to start-up/shut-down sequencing, alarms, data logging, reports, standardization and 

graphics redevelopment are anticipated.  Controls integration with other existing/new processes 

will also be included with detailed design activities.    

Repairs to the existing asphalt road overlay, as well as construction of a new access road, is included in 

the Plant 1 improvements. Plant 1 existing site access is limited to a single access point along Grove that 

includes a rail spur crossing. Site access for staff and emergency personnel may be interrupted for 1+ 

hours when a train is stopped on the spur. This risk limits staff access for emergency maintenance as well 

as public safety access for emergency situations.  
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A second point of access, not restricted by a railroad, is needed to address this concern. A new 24ô wide 

access road from Hydraulic connecting south of the I-135 interchange is recommended. Potential impacts 

associated with this route include KDOT Right of Way and proximity to existing northbound I-135 

onramp; environmental consideration through the Kansas Department of Health and Environment, Kansas 

Department of Wildlife, Parks and Tourism, US Fish and Wildlife, Kansas Department of Agriculture 

Division of Water Resources, and the US Army Corps of Engineers with respect to tree clearing, impacts 

to shared use, and the Arkansas River floodway and floodplain; and restricted space at the Plant side 

connection location which is in close proximity to existing facilities.  

 

Note that pavement geometry for new drive along Hydraulic Avenue may need to consider deceleration 

and turning lanes if so required by the City of Wichita Traffic Engineer or KDOT. In addition, access to 

the drive shall require gate control and fencing to restrict non-City related vehicle and pedestrian access to 

the Plant. Fencing may extend to the Arkansas River on the south side of the drive and the existing tree 

row on the north side of the drive to provide this safety measure.  

3.2.4 Cost 

Table 3-1 summarize the key inclusions / assumptions applied for the capital cost estimates for Plant 1.  

Table 3-1 Capital Cost Estimates ï Plant 1 Base Line Inclusions / Assumptions 

Plant Area Description 

Site 

SWPPP / Erosion Control 

Demo / Clear & Grubbing / Seeding 

Electrical / I&C 

New Road / Access + Repair Road Overlay 

Yard Piping 

HVAC / Odor Control + Plumbing 

Wet Weather Holding 
Concrete Repair 

Gate Repair 

Influent Pumping 
Replace Pumps (qty 8) 

Piping Retrofit 

Grit Removal 
New Grit Removal System 

Structure + Piping 

Clarifiers 
New Mechanism (qty 4, 115ô dia) 

Partial Demo Existing Clarifiers (qty 4) 

 

 

 

Table 3-2 provides a Class 5 capital cost summary by improvement category for Plant 1.  

 

Table 3-2 Plant 1 Improvements Capital Cost 

Description Cost 

General Site Improvements $5,460,000  

Wet Weather Holding  $2,960,000  
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Description Cost 

Yard Piping $730,000  

Influent Pumps $3,950,000  

Grit Removal $5,250,000  

Odor Control $3,720,000  

Subtotal $22,070,000  

Subcontractor Overhead (8%) $710,000  

Overhead (15%) $3,310,000  

Labor Burden (50%) $510,000  

Profit (15%) $3,990,000  

Bonds and Insurance (1.5%) $460,000  

Contingency (30%) $9,310,000  

Engineering and Owner's Rep (25%) $10,090,000  

Total $50,450,000  

 

3.3 Plant 2 Improvements  

3.3.1 Description 

Plant 2 was originally constructed in 1957 with major improvements completed in 1987 and 2000.   The 

facility is hydraulically connected to Plants 1 and 5 and currently provides liquid treatment process for 

flows from the combined facilities accounting for over 75 percent of the Wichita service area. Plant 2 is a 

two-stage biological treatment facility with the liquid treatment and centralized solids processing for 

Plants 1, 2, and 5.  

Plant 2 upgrades will include improvements to both the liquids and solids treatment process. Regardless 

of the chosen liquid treatment, the following areas will be improved: influent screening and pumping, grit 

removal, primary clarification, solids treatment and handling, and disinfection.  

SCADA, communications, data collection, instrumentation, and controls systems are available for the 

Cityôs use at Plant 2.  However, reliability and availability improvements of the system are anticipated 

through network upgrades and replacement of obsolete components.  Network upgrades are expected to 

include implementation of a redundant, fiber optic-based star topology within the plant.  Existing control 

system components will be further evaluated to determine life-cycle status and replaced if necessary.   

Additionally, programming improvements related to start-up/shut-down sequencing, alarms, data logging, 

reports, standardization and graphics redevelopment are anticipated.  Controls integration with other 

existing/new processes will be included. Process control and/or instrumentation modifications related to 
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energy use reduction (as recommended in the Level 1 and Level 3 Energy Audits, Burns & McDonnell, 

2020) will also be included the detailed design activities. 

As discussed in Section 3.1, Scenario 6 (39 MGD BNR for Plant 2) was elected to serve as the baseline 

alternative for modeling and cost analysis. Scenario 6 includes treatment at both Plant 2 and Plant 5 

allowing for scaling to represent either a reduced or increased capacity need associated with the other 

scenarios.  

3.3.2 Design Flows and Loads 

The historical flows and loads developed from 2015 ï 2019 plant operations data was presented in Part A 

report. The data presented in Part A were based on desktop analysis. However, as part of Part B report, 

influent characteristics used to the model the treatment scenarios were looked at each year data separately 

focusing on the wastewater characteristics. See Appendix B for the Flows and Loads Technical 

Memorandum. 

As discussed in Section 3.1.2, all flows and loads from Plant 1 will be treated at Plant 2. As documented 

in the 2017 Sanitary Sewer Master Plan - Facilities (Burns & McDonnell, July 2017), the total average 

day treatment capacity to meet the treatment needs through 2045 between Plants 1/2 and 5 is 42 MGD. 

Plant 5 has a capacity of 3 MGD, therefore, Plant 2 treatment scenarios were designed for an average flow 

of 39 MGD and modeled for max month condition of 49.1 MGD. All other flows are derived using 

peaking factors. The 2045 design flows and loads for Plant 1&2 are summarized below. See Appendix B 

for detailed analysis. 

Peaking factors for flows and loads are also presented below. The maximum month to average peaking 

factor is higher than typical likely as a result of variable industrial and commercial contribution (i.e., 

seasonal discharge of deicing fluid from airports). It is identified that the maximum week to average 

factors are also high. However, a closer look at the relationship between maximum week and maximum 

month (basis of design) shows that loads are around 20% higher for the maximum week. 

The design influent characterizations were developed by calculating the concentration from the flows and 

loads in Table 3-3 and applying typical fraction to estimate the concentration of parameters not routinely 

measure. 
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Table 3-3 Plant 1&2 2045 Design Flows and Loads 

Parameter Unit  Min imum Average 
Maximum 

Month 

Maximum 

Week 
Peak Day 

Flow MGD 31.6 39.0 49.1 66.3 75.1 

TSS lb/d 51,400 75,000 100,000 120,900 151,900 

COD lb/d 132,900 191,300 231,600 284,500 356,000 

BOD lb/d 70,000 99,700 124,300 143,900 172,600 

NH4-N lb/d 8,050 9,950 11,300 12,950 15,450 

TN lb/d 11,900 14,800 17,800 21,500 26,200 

TP lb/d 1,320 1,850 2,340 3,020 3,900 

 

Table 3-4 Plant 1&2 Peaking Factors 

Parameter 
Maximum Month to 

Average 

Maximum Week to 

Average 
Peak Day to Average 

Flow  1.26   1.70   1.92  

TSS  1.33   1.61   2.03  

COD  1.21   1.49   1.86  

BOD  1.25   1.44   1.73  

NH4-N  1.14   1.30   1.55  

TN  1.20   1.45   1.77  

TP  1.26   1.63   2.11  

 

Table 3-5 2045 Design Influent 

Parameter Unit  Average 
Maximum 

Month 

Maximum 

Week 
Peak Day 

Flow MGD 39.0 49.1 66.3 75.1 

COD mg/L 588 566 514 569 

sCOD mg/L 270 260 236 262 

ffCOD mg/L 206 198 180 199 

BOD mg/L 306 304 260 276 

sBOD mg/L 153 152 130 138 

VFA mg/L 23.5 22.6 20.6 22.8 

TSS mg/L 230 244 219 243 

VSS mg/L 207 220 197 219 

NH4-N mg/L 30.5 27.5 23.4 24.6 

TKN mg/L 45.4 43.4 38.7 41.8 

TP mg/L 5.7 5.7 5.4 6.2 

OP mg/L 2.9 2.9 2.7 3.1 
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As described in Section 3.1, the multiple treatment configurations evaluated were comprised of the 

following flows and loads for 42 MGD case for Plant 1, 2 and 5. 

Table 3-6 2045 Design Influent at 42 MGD 

Parameter Unit  Average 
Maximum 

Month 

Maximum 

Week 
Peak Day 

Flow MGD 42.0 52.8 71.4 80.9 

TSS lb/d 80,700 107,600 130,200 163,600 

COD lb/d 206,000 249,400 306,400 383,400 

BOD lb/d 107,400 133,900 155,000 185,800 

NH4-N lb/d 10,700 12,150 13,950 16,650 

TN lb/d 15,900 19,150 23,100 28,200 

TP lb/d 2,000 2,520 3,250 4,200 

 

3.3.3 Modeling 

 

As part of the Part B evaluation, process models were developed to:   

¶ To establish the mass balance and extract the state variables (composition) of certain streams (i.e., 

primary sludge, intermediate clarifier effluent) for use as model input of subsequent process 

models  

¶ To develop future baseline BNR process based proven conventional BNR technology  

¶ To evaluate BNR options, improvements, or add-ons (i.e., sidestream treatment)  

Figure 3-2 shows the plant model, which was calibrated using the existing data with the focus on 

matching the composition of specific stream relevant to subsequent process evaluations. Table 3-7 shows 

the high-level calibration summary. The calibrated model results provided a good match of the plant data. 

The trickling filter performance was forced by adjusting several kinetic parameters. The overall the model 

and the full-scale results suggest that the trickling filters provide little treatment at an organic loading rate 

of only 20 lb BOD/1000 cf/d. 

Since the secondary treatment process would be changed from a two-stage trickling filter activated sludge 

plant to BNR, the calibrated model would be modified to remove trickling filter process and incorporate 

component BNR processes using the model default setting. 

The primary use of this model was to validate our understating of the existing treatment process and to 

extract state variables for primary sludge and intermediate clarifier effluent, which were used to 

determine the secondary treatment design criteria for the treatment scenarios and piloting options.  
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Figure 3-2 Existing Wichita Plant 1&2 Process Model 

 

Table 3-7 Existing Whole Plant Model Calibration Summary 

Parameter Unit  Data Model 

INF Flow MGD 31.1   

INF BOD mg/L 306 306 

INF TSS mg/L 230 230 

INF NH4-N mg/L 30.8 30.8 

INF COD mg/L 605 605 

INF TKN mg/L 44.3 44.3 

INF TP mg/L 5.8 5.8 

INF Temperature1 °C    15 

       

PE TSS mg/L 108 108 

PE BOD mg/L 224 208 

       

ICL EFF TSS mg/L 51.9 50.5 

ICL EFF BOD mg/L 96 97 

ICL EFF COD mg/L 277 230 

ICL EFF NH4-N mg/L 32.9 32 

ICL EFF NOx-N mg/L 1.9 0.1 

       

AB MLSS mg/L - 2600 

AB DO mg/L - 2 

AB SRT d - 12 

       

SE TSS mg/L 12.5 11 

SE BOD mg/L 10.9 5.5 (as CBOD) 

SE NH4-N mg/L 1.0 0.5 

SE NO3-N mg/L 28.4 25.7 

SE TN mg/L 31.1 28.5 

SE TP mg/L 4.5 4.6 
1 Sewage Treatment Division operation data provided by the City did not include temperature data. 
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3.3.4 Treatment Process Technologies 

Proven and emerging technologies were evaluated to understand whether the capital and/or O&M benefits 

could be realized. Emerging technologies were defined as the processes that have been in operation for no 

more than ten years.  

A preliminary alternative screening was conducted in the context of maximizing the use of existing 

infrastructure, which includes existing trapezoidal aeration tanks with fine bubble diffusers, intermediate 

clarifiers from the current trickling filter stage, existing WAS storage tanks, as well as the trickling filters. 

Technologies that are not compatible with the existing infrastructures (i.e. Nereda Activated Granular 

Sludge) were not considered for further evaluation. 

Three different treatment technologies were considered for Plant 2 as described below. The advantages 

and disadvantages described under each section is a relative comparison of technologies with each other. 

¶ Conventional BNR with an A2O Process 

¶ Membrane Aerated Biofilm Reactor (MABR) Treatment Process 

¶ Mobile Organic Biofilm (MOB) Treatment Process  

Large BNR facilities with solids processing are complex and also interrelated; therefore, the design of the 

BNR facility always has to occur in context of the whole plant. Figure 3-3 shows the future Plant 1 and 2 

process design. While there are three technology solutions for liquid stream nutrient removal, the overall 

design has several common elements that either are part of any solution or represent elements that could 

enhance either. Examples of potential enhancements that are currently being piloted or could be evaluated 

in the final design are as follows: 

¶ Sidestream Enhanced Biological Phosphorus Removal (S2EBPR) is currently being tested full 

scale on one of the Plant 2 treatment trains. Full scale experiences from other facilities are 

encouraging but not directly transferrable. RAS fermentation volume and the potential need for 

carbon addition (i.e., primary sludge). Full scale validity for Wichita will depend on the volume 

requirements compared to conventional EBPR.  

¶ Gravity Selective Wasting is also being tested as part of the BNR technology pilots. Gravity 

selected wasting has shown to be effective is maintaining a low SVI in long SRT conventional 

activated sludge system. Maintaining consistently low SVIS (60 ï 100 mL/g) increases the 

capacity of any activated sludge system. In combination with an anaerobic zone, gravity selective 

wasting can produce a largely granulized biomass that would allow higher MLSS and loading 

rates on one hand, but may require high mixing energy.  
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¶ Sidestream Treatment for nitrogen and/or phosphorus removal from the dewatering recycle is 

discussed below.  

¶ Dedicated Primary Sludge Thickening is a highly recommended part of converting the current 

two stage nitrification process to BNR. Blending primary solids with waste activated sludge from 

a EBPR system will result a re-release of stored phosphorus that would require chemical 

phosphorus sequestration. It is considered best practice to keep primary and secondary solids 

sperate upstream of digestion. Dedicated primary sludge thickening also provides an opportunity 

to redirect the carbon contained in the return stream from the thickener to the S2EBPR process if 

determined to be beneficial. An example of primary sludge thickening is shown in Figure 3-3 as a 

rotary drum thickener (RDT). 

Figure 3-3 Future Wichita BNR Process 

 

 

3.3.4.1 Anaerobic-Anoxic-Oxic (A2O) Treatment Process 

The A2O process is a conventional activated sludge nutrient removal process with three dedicated zones, 

anaerobic (no dissolved oxygen or NOx-N), anoxic (no dissolved oxygen, but with NOx-N), and 

aerobic/oxic (with dissolved oxygen). Figure 3-4 shows the process flow for an A2O process. Influent and 

return activated sludge mixes in the anaerobic zone or in an upstream junction box. Effluent from the 

anaerobic zone mixes with the internal mixed liquor that delivers high nitrates from the end of the aerobic 



Treatment Alternatives [Part B] Revision D Facilities Improvements 

City of Wichita 3-13  Burns & McDonnell 

zone to the anoxic zone for denitrification. RAS rates are typically low (30% ï 50%) to minimize nitrate 

recycle to the anaerobic zone.  

Mixing in all unaerated zones will be used to suspend solids in the unaerated zones and will be designed 

to minimize oxygen transfer. Mixed liquor recycle (MLR) rates can range between 200% and 500%. Rate 

above 500% are not recommended.  

This process design can achieve biological phosphorus and nitrogen removal when sufficient carbon is 

available. Without filtration, the A2O process can achieve around 70% phosphorous removal and 80% 

nitrogen removal. When higher rates of nitrogen removal are required, additional treatment stages are 

needed. This could be in the shape of the post anoxic (ANX) zone upstream of clarification or post anoxic 

filters or Moving Bed Biofilm Reactor (MBBR) downstream, both requiring carbon addition. Sidestream 

nitrogen removal can also contribute to lower effluent total nitrogen. 

Figure 3-4 A2O Process 

  

Advantages   Disadvantages  

¶ Established technology, well understood 

¶ Low risk 

¶ Flexible design/operation  

¶ Proven performance  

¶ Adaptable for improved effluent quality  

¶ Compatible with many intensification 

technologies  

¶ Large footprint  

¶ Dedicated zones required  

¶ Limited to 80% nitrogen removal  
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Figure 3-5 Example A2O Facility 

 

3.3.4.2 Membrane Aerated Biofilm Reactor (MABR) Treatment Process 

MABR is unique biofilm technology that adds fixed biofilm carriers. Unlike other fixed media biofilm 

processes, oxygen in MABR is provided through the biofilm carrier itself. The special hollow fiber 

membrane modules are design to allow oxygen to defuse through the membrane without introducing 

actual air. This lowers the blower discharge pressure significantly, which is one of the reasons why this 

process is more energy efficient compared to conventional activated sludge nitrogen removal processes.  

With oxygen supplied to the bottom of the biofilm in anoxic tank, simultaneous nitrification and 

denitrification occurs within the biofilm with ammonia being nitrified in the bottom layers of the biofilm 

and denitrified in the outer layers. This also contributes to lower aeration energy cost and more efficient 

use of carbon by using short cut nitrogen removal via nitrite for at least a fraction of the nitrogen removal 

that occur on the biofilm.  

MABR technology was designed to add both nitrification and nitrogen removal capacity to existing 

systems where available footprint for expansions are limited. For new installation MABR would permit 

smaller basins volumes overall and much smaller aerobic tanks. The more nitrification is shifted to the 

MABR biofilm the greater the energy savings.  

MABR modules look very similar to MBR membrane modules, which are supported from basin walls or 

bridges. The current trapezoidal aeration tanks do not lend themselves well for MABR modules, but 

support structures out of concrete or steel can be added.  

Separate aeration blowers will be required to supply air for the membranes and in order to protect the 

membrane modules from damage, micro-screening (less than 2 mm) upstream of the aeration tanks. 

AER 
ANX 

ANR 

AER 

ANX 

ANR 
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Mixing in the anoxic zones with membranes requires special consideration to maintain sufficient mixing 

energy without damaging the membrane modules.  

Figure 3-6 MABR in A2O Configuration 

 

Advantages   Disadvantages  

¶ Smaller footprint 

¶ Lower aeration energy demand  

¶ Better carbon utilization 

¶ Reduced aerobic volume requirements  

¶ Simultaneous nitrification/denitrification on 

biofilm 

¶ Lower MLR and/or lower effluent TN 

¶ Emerging technology  

¶ High capital cost  

¶ Unable to directly retrofit existing basins 

with system  

  

Figure 3-7 MABR Installation 

 

3.3.4.3 Mobile Organic Biofilm (MOB) Treatment Process 

The MOB process approach would add media to the bioreactor in the form of 0.5 mm kenaf particles that 

act as a core on which biofilm will grow (Figure 3-8).  When the MOB granules reach the clarifier they 

settle very well so that the bioreactor can be operated with a high biomass concentration without 
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overloading the clarifier.  A rotary drum microscreen is used to recover the media from the WAS (Figure 

3-9).  

Figure 3-8 IFAS and Kenaf Media 

 
IFAS Media 

 
Kenaf Media 

Figure 3-9 Kenaf Retention Screen 

 

The advantage of MOB over IFAS is that very little to no basin modification are required, but additional 

mixing energy may be needed to keep the MOB mixed liquor in suspension. Clarifier mechanisms may 

require strengthening of the mechanisms due to the higher torque from the organic biomass. MLSS, 

especially when peak flow events push more inventory into the clarifier. Secondary clarifiers with suction 

scrapers or suction pipe type solids removal may not be well suited due to the higher forces required to 

move settle MOB media.  

MOB media can be introduced to any actionable sludge system or process configuration ï it simply 

increases the biomass inventory and improves settling. These two improvements result is additional 

capacity or in the case of new construction, smaller tanks. For Plants 1 and 2, the A2O process 

configuration was selected (Figure 3-10). One advantage that MOB shares with IFAS it is that it is 

modular and can be added later to add capacity, which is simpler than building tanks in the future. This 
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can lower overall compliance cost by deferring some capital cost to a later date. Kenaf being an organic 

media will have losses from mechanical or biological decay that require adding new organic media. 

Figure 3-10 MOB in A2O Mode 

 

Advantages   Disadvantages  

¶ Reduced footprint  

¶ Simple operation  

¶ Attached growth benefits without 

hydraulic or retainer screen issues  

¶ Ability to apply to existing basins  

¶ Modular capacity addition possible 

¶ Better settling biomass 

¶ Increase clarifier capacity for solids 

¶ Emerging technology  

¶ Requires drum screens for separation of media 

from waste stream  

¶ Secondary clarifier likely requires upgrades for 

higher torque. Suction pipe clarifier may not be 

well suited 

¶ Media storage during tank maintenance 

¶ Periodic addition of media is required to make 

up for decay or loss in WAS. 

3.3.4.4 Sidestream Treatment 

Centrate from the dewatering centrifuges will go through sidestream treatment consisting of storage in a 

centrate equalization tank followed by an ammonia removal (deammonification) process. The process is 

designed to remove 80-90% of the ammonia load before discharging to the plant sewer. The equalization 

tank includes coarse-bubble aeration, a tank cover to mitigate odors, and a high-level overflow standpipe 

to allow excess flows to overflow into the plant sewer. Equipment for the equalization tank and 

deammonification process will be housed in the new dewatering building which includes aeration 

blowers, feed pumps, and a microscreen system. The blowers serve both equalization tank aeration and 

deammonification process aeration. Centrate is pumped from the equalization tank to the 

deammonification process. 
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The deammonification system includes a new process reactor containing submersible mixers, diffuser 

grids, submersible microscreen feed pumps, and an effluent discharge assembly. The submersible 

microscreen feed pumps are used to continuously transfer the process liquid from the tank to a 

microscreen. The microscreen retains larger biomass granules that gravity drains back to the 

deammonification tank. Smaller biomass flocs pass through the microscreen and are discharged to the 

plant sewer. This process selects for the appropriate biomass population to perform deammonification. 

The effluent discharge assembly allows settling and retainage of biomass to occur within the tank. 

Effluent from the deammonification process is discharged to the plant sewer. 

3.3.5 Proposed Improvements Plan  

Based on the treatment technologies identified for Plant 2, the below five treatment scenarios were 

selected for further development and costing. The configurations reflect a combination of liquid and 

sidestream treatment technologies. 

¶ Scenario 6.1 ï 39 MGD Plant 2 A2O with Sidestream Nitrogen Removal (reference Figure 3-11) 

¶ Scenario 6.2 ï 39 MGD Plant 2 A2O without Sidestream Nitrogen Removal (reference Figure 

3-12) 

¶ Scenario 6.6 ï 39 MGD Plant 2 A2O with MABR without Sidestream Nitrogen Removal 

(reference Figure 3-13) 

¶ Scenario 6.8 ï 39 MGD Plant 2 A2O with MOB without Sidestream Nitrogen removal (reference 

Figure 3-14) 

¶ Scenario 6.7 ï 39 MGD Plant 2 A2O with MOB with Sidestream Nitrogen Removal (reference 

Figure 3-15) 
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3.3.5.1 Preliminary Treatment 

The following improvements to the preliminary treatment system are applicable to all treatment scenarios, 

with total/unit capacities suitable to the respective treatment scenario: 

¶ Construction of a new Headworks Building for influent screening and pumping.  

¶ Installation of three (3) influent slide gates, two (2) mechanical bar screens, and a bypass channel 

with one (1) manual bar screen.  

¶ Installation of four (4) influent pumps and four (4) VFDs. 

¶ Replacement of both grit removal units, grit pumps, grit screw conveyor and all internals with 

two (2) new vortex grit removal units, two (2) grit pumps, and two (2) grit classifiers.  

¶ Replacement of the existing grit pusher unit with a conveyor system with multiple discharge 

points into a dumpster or end-dump truck.  

3.3.5.2 Primary Treatment 

The following primary treatment improvements are applicable to all treatment scenarios, with total/unit 

capacities suitable to the respective treatment scenario: 

¶ Replacement of three (3) primary sludge and scum pumps.  

¶ Replacement of mechanisms on the three (3) primary clarifiers. Two of the primary clarifiers 

have a diameter of 205 ft. and the third has a diameter of 180 ft.  

¶ Installation of launder covers on all three (3) primary clarifiers for odor control.  

¶ Modification of piping to enable all three (3) clarifier sludge lines to be pumped to the sludge 

degritting system in the Grit Removal Building. 

¶ Rerouting all primary clarifier effluent piping to the Intermediate Pump Station. 

¶ Replacement of all five (5) submersible pumps at the Intermediate Pump Station.  

3.3.5.3 Secondary Treatment 

3.3.5.3.1 Scenario 6.1 and 6.2 ï 39 MGD A2O  

Design criteria for Scenario 6.1 and 6.2, 39 MGD A2O with and without sidestream treatment is 

summarized in Table 3-8 and Table 3-9 respectively. 
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Table 3-8 Design Criteria for Plant 2 - A2O with Sidestream 

Parameter Value 

Design Flow Parameters 

Design Average Flow (MGD) 39.0 

Design Max Month (MGD) 49.1 

Design Peak Flow (MGD) 75.1 

Design RAS Flow (%) 100 

Mixed Liquor Recycle (%) 400 

Primary Treatment at Average and Max Month Conditions2 

BOD Removal (%) 35 

TSS Removal (%) 65 

Biological Treatment at Max Month Conditions1 

Number of Basins 6 

Number of New Basins 3 

Number of Trains  3 

Number of Basins per Train 3 (2 existing and 1 new) 

Yield 0.48 

Volume of Existing Basin, Each 

(MG) 

2.3 

Total Existing Volume (MG) 13.6 

Aerobic SRT (days) 11 

Total SRT (days) 15.3 

MLSS (mg/L) 4,200 

Total Required Volume (MG) 18.6 

Total Anaerobic Volume (MG) 1.8 

Total Anoxic Volume (MG) 3.4 

Total Aerobic Volume (MG) 13.4 

Total Oxygen Demand (lb/day) 128,400 

Total Air Demand (scfm) 53,880 

Peak Air Demand During Max Day 

(scfm) 
72,600 

Final Clarifier3  

Number of Final Clarifiers 6  

Solids Loading Rate at Average Day 

Flow (lbs/day/ft2) 

22.6 @ 100% RAS 

17 @ 50% RAS 

Solids Loading Rate at Peak Day 

Flow (lbs/day/ft2) 

33.1 @ 100% RAS 

27.5 @ 50% RAS 

Hydraulic Loading Rate at Peak Day 

Flow (gpd/ft2) 
623 

1 Biowin Model Output 
2 Percent removal efficiency is based on the 2017-2018 Plant 1 primary clarifier operating 

data. Plant 2 primary clarifier data was not considered representative due to resettling of 

Plant 1 solids. 
3Step feed system may be incorporated to reduce final clarifier loading during peak flow 

condition. 
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Table 3-9 Design Criteria for Plant 2 - A2O without Sidestream 

Parameter Value 

Design Flow Parameters 

Design Average Flow (MGD) 39.0 

Design Max Month (MGD) 49.1 

Design Peak Day Flow (MGD) 75.1 

Design RAS Flow (%) 100 

Mixed Liquor Recycle (%) 400 

Primary Treatment at Average and Max Month Conditions 

BOD Removal (%) 35 

TSS Removal (%) 65 

Biological Treatment at Max Month Conditions1 

Number of Basins 6 

Number of New Basins 3 

Number of Trains  3 

Number of Basins per Train 3 (2 existing and 1 new) 

Yield 0.50 

Volume of Existing Basin, Each 

(MG) 
2.3 

Total Existing Volume (MG) 13.6 

Aerobic SRT (days) 11 

Total SRT (days) 16.2 

MLSS (mg/L) 4,200 

Total Required Volume (MG) 20 

Total Anaerobic Volume (MG) 0.9 

Total Anoxic Volume (MG) 5.4 

Total Aerobic Volume (MG) 13.4 

Total Oxygen Demand (lb/day) 133,500 

Total Air Demand (scfm) 55,560 

Peak Air Demand During Max Day 

(scfm) 
75,600 

Final Clarifier  

Number of Final Clarifiers 6  

Solids Loading Rate at Average Day 

Flow (lbs/day/ft2) 

22.6 @ 100% RAS 

17 @ 50% RAS 

Solids Loading Rate at Peak Day 

Flow (lbs/day/ft2) 

33.1 @ 100% RAS 

27.5 @ 50% RAS 

Hydraulic Loading Rate at Peak Day 

Flow (gpd/ft2) 
623 

1 Biowin Model Output 
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Major modifications required to implement this Scenario 6.1 and 6.2 is presented below: 

¶ Conversion of existing six trains to three trains. The existing two (2) aeration basins and final 

clarifiers will be operated as one (1) train. The existing aerations basins will be configured to 

operate as anoxic, anaerobic and aerobic zone.  

¶ Construction of divider walls to create plug flow conditions through anaerobic, anoxic and 

aerobic zones. 

¶ Construction of three (3) new basins; one basin each train. The new basins will be configured to 

operate aerobic zone.  

¶ The existing aeration basin diffusers for aerobic zone will be replaced with new fine bubble 

membrane diffusers. The anaerobic and anoxic zone does not require diffusers and therefore the 

existing diffusers from these zones will be removed. The new basins will be installed with 

diffusers.  

¶ Three (3) new blowers per train two (2) duty and one (1) standby blowers will be installed in each 

of the new blower bldg., a total of nine (9) blowers. Below is the blower air demand and blower 

size were calculated based on max month conditions. The blower capacity will be approximately 

12,600 scfm per blower at peak hour with six (6) blowers in operation. The existing blowers will 

be removed from service and the blower building will continue to serve as a RAS/WAS pump 

station. 

¶ Installation of walkway across the basins. 

¶ Installation of four (4) mixed liquor recycle pumps (MLR) per train with capacity of 9,030 gpm 

each. 

¶ Piping and splitter structure modifications. 

¶ Construction of chemical building with alum feed system to help total phosphorus removal during 

system upset and also to polish phosphorus from the secondary treatment. The alum feed system 

will be designed to feed upstream of primary clarifiers and final clarifiers. 

¶ Electrical, Instrumentation and Communication (I&C), and Mechanical improvements. 

3.3.5.3.2 Scenario 6.6 - 39 MGD Plant 2 A2O with MABR without Sidestream 

Treatment  

Design criteria for Scenario 6.6, 39 MGD A2O without sidestream treatment is summarized in Table 

3-10. 
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Table 3-10 Design Criteria for Plant 2 - MABR without Sidestream 

Parameter Value 

Design Flow Parameters 

Design Average Flow (MGD) 39.0 

Design Max Month (MGD) 49.1 

Design Peak Flow (MGD) 75.1 

Design RAS Flow (%) 100 

Mixed Liquor Recycle (%) 400 

Primary Treatment at Average and Max Month Conditions 

BOD Removal (%) 35 

TSS Removal (%) 65 

Biological Treatment at Max Month Conditions 

Number of Basins 6 

Number of Trains  3 

Number of Basins per Train 2  

Volume of Existing Basin, Each 

(MG) 

2.3 

Total Existing Volume (MG) 13.6 

Aerobic SRT (days) 7 

Total SRT (days) 10.4 

MLSS (mg/L) 4,110 

Total Anaerobic Volume (MG) 0.6 

Total Aerobic Volume (MG) 8.1 

Total Anoxic Volume (MG)1 4.4 

Total Volume (MG) 13.1 

ZeeLung MABR Tank1 

Number of Trains 10 

MABR Tank Dimension 124ft x 7.46 ft x 10.8 ft 

Peak Air Demand (scfm) 39,200 

Final Clarifier 

Number of Final Clarifiers 6  

Solids Loading Rate at Average Day 

Flow (lbs/day/ft2) 

22.2 @ 100% RAS 

17 @ 50% RAS 

Solids Loading Rate at Peak Day 

Flow (lbs/day/ft2) 

32 @ 100% RAS 

27 @ 50% RAS 

Hydraulic Loading Rate at Peak Day 

Flow (gpd/ft2) 
623 

1 Extracted from MABR proposal 
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Major modifications required to implement this scenario is presented below: 

¶ Conversion of existing six trains to three trains. The existing two (2) aeration basins and final 

clarifiers will be operated as one (1) train. The existing aerations basins will be configured to 

operate as anaerobic, anoxic and aerobic zone.  

¶ Construction of divider walls to create plug flow conditions through anaerobic, anoxic and 

aerobic zones.  

¶ Construction of three (3) new basins; one basin each train. The new basins will be configured to 

operate aerobic zone.  

¶ The existing aeration basin diffusers for aerobic zone will be replaced with new fine bubble 

membrane diffusers. The anaerobic and anoxic zone does not require diffusers and therefore the 

existing diffusers from these zones will be removed. The new basins will be installed with 

diffusers.  

¶ The anoxic zones will be installed with Zeelung MABR tank. 

¶ Three (3) new blowers per train two (2) duty and one (1) standby blowers will be installed in each 

of the new blower bldg., a total of nine (9) blowers. The blower capacity will be approximately 

10,000 scfm per blower at peak hour condition with six (6) blowers in operation. The existing 

blowers will be removed from service and the blower building will continue to serve as a 

RAS/WAS pump station. 

¶ Installation of walkway across the basins. 

¶ Installation of four (4) mixed liquor recycle pumps (MLR) per train. 

¶ Piping and splitter structure modifications. 

¶ Construction of chemical building with alum feed system to help total phosphorus removal during 

system upset and also to polish phosphorus from the secondary treatment. The alum feed system 

will be designed to feed upstream of primary clarifiers and final clarifiers. 

¶ Electrical, Instrumentation and Communication (I&C), and Mechanical improvements. 

 

3.3.5.3.3 Scenario 6.8 and 6.9 - 39 MGD A2O with MOB without and with 

Sidestream Treatment  

Design criteria for Scenario 6.8 and 6.9 for 39 MGD MOB without and with sidestream treatment is 

summarized in Table 3-11 and Table 3-12 respectively. 
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Table 3-11 Design Criteria for Plant 2 - MOB without Sidestream 

Parameter Value 

Design Flow Parameters 

Design Average Flow (MGD) 39.0 

Design Max Month (MGD) 49.1 

Design Peak Flow (MGD) 75.1 

Design RAS Flow (%) 100 

Mixed Liquor Recycle (%) 400 

Primary Treatment at Average and Max Month Conditions 

BOD Removal (%) 35 

TSS Removal (%) 65 

Biological Treatment at Max Month Conditions 

Number of Basins 3 

Number of Trains  3 

Number of Basins per Train 2  

Volume of Existing Basin, Each 

(MG) 

2.3 

Total Existing Volume (MG) 13.6 

Aerobic SRT (days) 8.2 

Total SRT (days) 12.2 

MLSS (mg/L) 4,280 

Total Anaerobic Volume (MG) 0.7 

Total Anoxic Volume (MG) 3.7 

Total Aerobic Volume (MG) 9.2 

Total Oxygen Demand (lb/day) 133,500 

Total Air Demand (scfm) 55,560 

Peak Air Demand During Max Day 

(scfm) 
75,600 

MOB Kenaf Fill Fraction (m3/m3 

tank)1 
1.25 

Total Volume (MG) 13.6 

Final Clarifier 

Number of Final Clarifiers 6  

Solids Loading Rate at Average Day 

Flow (lbs/day/ft2) 

23 @ 100% RAS 

17 @ 50% RAS 

Solids Loading Rate at Peak Day 

Flow (lbs/day/ft2) 

34 @ 100% RAS 

28 @ 50% RAS 

Hydraulic Loading Rate at Peak Day 

Flow (gpd/ft2) 
623 

1 Extracted from MOB Nuvoda proposal 

 

 

  



Treatment Alternatives [Part B] Revision D Facilities Improvements 

City of Wichita 3-31  Burns & McDonnell 

Table 3-12 Design Criteria for Plant 2 - MOB with Sidestream 

Parameter Value 

Design Flow Parameters 

Design Average Flow (MGD) 39.0 

Design Max Month (MGD) 49.1 

Design Peak Flow (MGD) 75.1 

Design RAS Flow (%) 100 

Mixed Liquor Recycle (%) 400 

Primary Treatment at Average and Max Month Conditions 

BOD Removal (%) 35 

TSS Removal (%) 65 

Biological Treatment at Max Month Conditions 

Number of Basins 3 

Number of Trains  3 

Number of Basins per Train 2  

Aerobic SRT (days) 8.23 

Total SRT (days) 10.6 

MLSS (mg/L) 4,370 

Total Anaerobic Volume (MG) 0.6 

Total Anoxic Volume (MG) 2.0 

Total Aerobic Volume (MG) 9.0 

Total Volume (MG) 11.6 

Total Oxygen Demand (lb/day) 128,400 

Total Air Demand (scfm) 53,880 

Peak Air Demand During Max Day 

(scfm) 

72,600 

MOB Kenaf Fill Fraction (m3/m3 

tank)1 
1.25 

Final Clarifier 

Number of Final Clarifiers 6  

Solids Loading Rate at Average Day 

Flow (lbs/day/ft2) 

23.6 @ 100% RAS 

18 @ 50% RAS 

Solids Loading Rate at Peak Day 

Flow (lbs/day/ft2) 

34 @ 100% RAS 

29 @ 50% RAS 

Hydraulic Loading Rate at Peak Day 

Flow (gpd/ft2) 
623 

1 Extracted from MOB Nuvoda proposal 

 

Major modifications required to implement this Scenario 6.8 and 6.9 is presented below: 

¶ No change in the existing configuration of six (6) trains in operation. 

¶ Installation of two (2) mixed liquor recycle pumps (MLR) per train (total 12) with capacity of 

9,030 gpm each. 
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¶ Construction of waste activated sludge (WAS) screening building per two (2) trains. The building 

will house the sludge wetwell, two (2) 100 gpm WAS pumps and one (1) MOB media screen. 

The additional WAS pumps will be used to pump MOB media from the WAS and return it to the 

aerobic zone. 

¶ Three (3) new blowers per train two (2) duty and one (1) standby blowers will be installed in each 

of the new blower bldg., a total of nine (9) blowers. The blower capacity will be approximately 

12,600 scfm per blower at max month conditions. The existing blowers will be removed from 

service and the blower building will continue to serve as a RAS/WAS pump station. 

¶ Installation of walkway across the basins. 

¶ Piping and splitter structure modifications. 

¶ Construction of chemical building with alum feed system to help total phosphorus removal during 

system upset and also to polish phosphorus from the secondary treatment. The alum feed system 

will be designed to feed upstream of primary clarifiers and final clarifiers. 

¶ Electrical, Instrumentation and Communication (I&C), and Mechanical improvements. 

3.3.5.4 Solids Treatment and Handling  

The following improvements for treatment and handling of solids are consistent across all scenarios: 

¶ Construction of a Sludge Thickening Building with a WAS holding tank, four (4) 500 gpm rotary 

drum thickeners (RDTs), five (5) 400 gpm RDT feed pumps, polymer storage, four (4) polymer 

feed systems, and a thickened sludge blending tank with two (2) submersible mixers. 

¶ Construction of a new Dewatering Building that includes solids and sidestream treatment 

equipment. The dewatering building will house four (4) dewatering centrifuges, two (2) 

conveyors, three (3) blowers, two (2) 200 gpm centrate feed pumps, and a 62,000-gallon centrate 

holding tank.  

¶ Replacement of digester mixing systems, gas safety equipment, all biogas piping, internal 

digester piping, and digester covers for the four (4) 100 ft. diameter digesters. 

¶ Installation of five (5) 63 gpm digester feed pumps in the existing Operations and Maintenance 

Building.  

3.3.5.5 Sidestream Treatment 

The following improvements are specific to the ammonia removal sidestream treatment process: 
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¶ Construction of a new 50 ft. diameter centrate equalization tank served by three (3) coarse-bubble 

aeration blowers each with a capacity of 1,200 cfm and two (2) centrate feed pumps each with a 

capacity of 200 gpm. 

¶ Construction of a new 71,000-gallon deammonification tank with two (2) submersible mixers, 

two (2) submersible microscreen feed pumps, one (1) solids microscreen, one (1) 1,200 cfm 

diffuser grid, and an effluent discharge assembly. 

3.3.5.6 Odor Control  

The following improvements are recommended for odor control: 

¶ In addition to the existing 16,720 scfm biofilter, an additional 11,000 cfm biofilter to serve the 

influent pump station, screening facility and grit removal tanks will be constructed. The biofilters 

will be designed for a contact time of 45 seconds and 12 air changes per hour (ACH). 

3.3.6 Cost 

Table 3-13 summarizes the key inclusions / assumptions applied for the capital cost estimates for Plant 2.  

Table 3-13 Capital Cost Estimates ï Plant 2 Base Line Inclusions / Assumptions 

Plant Area Description  Plant Area Description 

Site 

SWPPP / Erosion Control  Intermediate Pumping New Intermediate Pumps (qty 4) 

Demo / Clear & Grubbing / Seeding  Intermediate Piping Retrofit 

Electrical / I&C  Liquid Treatment Process 

[Varies per Configuration] 

Basins ï Demo, Modifications, New Construction 

Repair Road Overlay  Mixers ï Anaerobic, Anoxic 

Yard Piping  Pumping ï New / Retrofit 

HVAC / Odor Control + Plumbing  Piping ï New / Retrofit 

Influent Pumping 
Replace Pumps + VFDs (qty 4)  RAS / WAS Replace RAS / WAS Pumps + VFDs 

Piping Retrofit  New WAS Building 

Screening 

Bar Screens (qty 2 mechanical + 1 manual)  Piping Retrofit + New Flow Meters 

Washer-Compactor + Conveyor  Clarifiers New Mechanisms (180ô dia + 210ô dia) 

New Screening Building (2 level)  Chemical Feed Systems Primary Alum Feed System 

Grit Removal 
New Grit Removal System (qty 2)  Secondary Alum Feed System 

Structure + Piping  Bulk Storage + Pumping + Piping 

UV 
New Channel + Additional UV Equipment  Blowers New Blower Building 

Piping Retrofit  New Blowers (qty 9) 

Sludge Pumping 

New Primary Sludge Pumps (qty 6)  Sidestream Treatment 
Process [Varies per 

Configuration] 

New Buildings 

New Primary Scum Pumps (qty 3)  Treatment Equipment Package 

WAS Pumps (qty 12)  

Solids Thickening 

WAS Holding Tank (qty 1) 

Final Clarifier Scum Pumps (qty 6)  New WAS Feed Pumps (qty 5) 

Digesters 

New Sludge Feed Pumps (qty 5)  New Thickened Sludge Pumps (qty 5) 

New Digested Sludge Pumps (qty 8)  Polymer System (qty 4) 

New Mixing Pumps (qty 20)  Rotary Drum Thickener (qty 4) 

Digester Covers (qty 4)  Thickened Sludge Holding Mixer + Tank 

Biogas Equipment Package (qty 4)  

Solids Dewatering 

New Building (2 level) 

Piping + Flow Meters  Centrate Pumps (qty 2) 

Misc 

Flow Bypassing  Conveyors (qty 2) 

Splitter Structure Modifications  Polymer System (qty 4) 

Yard, Process Piping New / Retrofit  Centrifuges (qty 4) 
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The following (Table 3-14 through Table 3-21) provides a Class 5 capital cost summary by improvement 

category for Plant 2.  

Table 3-14 Plant 2 Balance Capital Cost 

Description Cost 

General Site Improvements $5,950,000 

Screening Building $2,330,000 

Yard Piping $1,240,000 

Influent Pumping $2,890,000 

Grit Removal $680,000 

Intermediate Pumping $970,000 

UV System Modifications $2,790,000 

Primary/Intermediate Clarifiers $2,110,000 

Odor Control $1,420,000 

Subtotal $20,370,000 

Subcontractor Overhead (8%) $870,000 

Overhead (15%) $3,060,000 

Labor Burden (50%) $710,000 

Profit (15%) $3,750,000 

Bonds and Insurance (1.5%) $430,000 

Contingency (30%) $8,760,000 

Engineering and Owner's Rep (25%) $9,490,000 

Total $47,440,000 

 

Table 3-15 Plant 2 Solids Capital Cost 

Description Cost 

General Site Improvements $3,910,000 

Existing Primary Sludge Pump Station $230,000 

Existing Digester Rehab $5,670,000 

Existing WAS/Scum Stations $870,000 

New Solids Thickening Building $3,880,000 

New Solids Dewatering Building $5,900,000 

New Digested Sludge Pumps $500,000 

Process Piping $4,400,000 

Subtotal $25,360,000 

Subcontractor Overhead (8%) $1,040,000 

Overhead (15%) $3,800,000 

Labor Burden (50%) $40,000 

Profit (15%) $4,540,000 

Bonds and Insurance (1.5%) $520,000 

Contingency (30%) $10,590,000 

Engineering and Owner's Rep (25%) $11,470,000 

Total $57,370,000 
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Table 3-16 Plant 2 Sidestream Capital Cost 

Description Cost 

General Site Improvements $120,000 

Sidestream Treatment [Struvite 

Recovery] $2,130,000 

Process Piping $110,000 

CO2 Release Building $80,000 

Sidestream Treatment Building $3,110,000 

Yard Pipe $280,000 

Electrical and I&C $1,320,000 

Subtotal $7,350,000 

Subcontractor Overhead (8%) $330,000 

Overhead (15%) $1,100,000 

Labor Burden (50%) $40,000 

Profit (15%) $1,320,000 

Bonds and Insurance (1.5%) $150,000 

Contingency (30%) $3,090,000 

Engineering and Owner's Rep (25%) $3,350,000 

Total $16,740,000 

 

Table 3-17 Plant 2 A2O Capital Cost 

Description Cost 

General Site Improvements $70,000 

Anoxic / Aerobic Treatment System $43,080,000 

Raw Activated Sludge $1,290,000 

Primary Alum Chem Feed $910,000 

Secondary Alum Chem Feed $970,000 

Blower Building $740,000 

Splitter Structure $130,000 

Process Piping $16,290,000 

Electrical and I&C $170,000 

Subtotal $63,640,000 

Subcontractor Overhead (8%) $3,060,000 

Overhead (15%) $9,550,000 

Labor Burden (50%) $120,000 

Profit (15%) $11,450,000 

Bonds and Insurance (1.5%) $1,320,000 

Contingency (30%) $26,740,000 

Engineering and Owner's Rep (25%) $28,970,000 

Total $144,850,000 
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Table 3-18 Plant 2 A2O without Sidestream Capital Cost 

Description Cost 

General Site Improvements $90,000 

Anoxic / Aerobic Treatment System $45,330,000 

Raw Activated Sludge $1,290,000 

Primary Alum Chem Feed $910,000 

Secondary Alum Chem Feed $1,610,000 

Blower Building $740,000 

Splitter Structure $130,000 

Process Piping $16,470,000 

Electrical and I&C $170,000 

Subtotal $66,720,000 

Subcontractor Overhead (8%) $3,250,000 

Overhead (15%) $10,010,000 

Labor Burden (50%) $130,000 

Profit (15%) $12,020,000 

Bonds and Insurance (1.5%) $1,380,000 

Contingency (30%) $28,050,000 

Engineering and Owner's Rep (25%) $30,390,000 

Total $151,950,000 

 

Table 3-19 Plant 2 MABR without Sidestream Capital Costs 

Description Cost 

General Site Improvements $90,000 

Anoxic / Aerobic Treatment System $61,140,000 

Raw Activated Sludge $1,290,000 

Primary Alum Chem Feed $910,000 

Secondary Alum Chem Feed $1,610,000 

Blower Building $740,000 

Splitter Structure $130,000 

Process Piping $12,970,000 

Electrical and I&C $170,000 

Subtotal $79,040,000 

Subcontractor Overhead (8%) $3,290,000 

Overhead (15%) $11,860,000 

Labor Burden (50%) $120,000 

Profit (15%) $14,150,000 

Bonds and Insurance (1.5%) $1,630,000 

Contingency (30%) $33,020,000 

Engineering and Owner's Rep (25%) $35,770,000 

Total $178,870,000 
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Table 3-20 Plant 2 MOB Capital Cost 

Description Cost 

General Site Improvements $90,000 

Anoxic / Aerobic Treatment System $47,420,000 

Raw Activated Sludge $1,290,000 

Primary Alum Chem Feed $910,000 

Secondary Alum Chem Feed $970,000 

Blower Building $770,000 

Splitter Structure $130,000 

WAS Screen Building $4,330,000 

Process Piping $14,910,000 

Electrical and I&C $170,000 

Subtotal $70,980,000 

Subcontractor Overhead (8%) $3,390,000 

Overhead (15%) $10,650,000 

Labor Burden (50%) $120,000 

Profit (15%) $12,770,000 

Bonds and Insurance (1.5%) $1,470,000 

Contingency (30%) $29,810,000 

Engineering and Owner's Rep (25%) $32,300,000 

Total $161,490,000 

 

Table 3-21 Plant 2 MOB without Sidestream Capital Cost 

Description Cost 

General Site Improvements $90,000 

Anoxic / Aerobic Treatment System $48,820,000 

Raw Activated Sludge $1,290,000 

Primary Alum Chem Feed $910,000 

Secondary Alum Chem Feed $1,610,000 

Blower Building $770,000 

Splitter Structure $130,000 

WAS Screen Building $4,330,000 

Process Piping $15,090,000 

Electrical and I&C $170,000 

Subtotal $73,190,000 

Subcontractor Overhead (8%) $3,510,000 

Overhead (15%) $10,980,000 

Labor Burden (50%) $120,000 

Profit (15%) $13,170,000 

Bonds and Insurance (1.5%) $1,510,000 

Contingency (30%) $30,740,000 

Engineering and Owner's Rep (25%) $33,310,000 

Total $166,530,000 
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3.4 Plant 5 Improvements  

3.4.1 Description 

Plant 5 was proactively constructed and commissioned in 2010 to serve as a scalping plant and reduce 

projected sanitary sewer collection system capacity issues. Following an extended start up and 

commissioning period the plant was taken offline and made available for future service as needed.    

Reactivation of the plant considered future conditions triggered from the need for increased treatment 

capacity due to higher total flows within the basin areas served by Plants 1, 2 and 5 and/or the need to 

resolve system capacity issues.  Plant 5 is located in an area with strong levels of commercial, industrial, 

and recreational activity.  As such, a scenario could arise that will demonstrate the need or demand for 

additional water supply that could be met by reuse or the use of treated effluent.   

Due to the evaluation and characterization of the wastewater treated at Plant 5 during start up and 

commissioning activities, it is anticipated that modifications to the treatment process would be required 

prior to commissioning for long-term service.  An evaluation of potential treatment technologies was 

performed in conjunction with this study.   

Treatment processes considered for Plant 5 are described below and include compatibility with the 

available space.  Additionally, if the water reclamation industry has experienced significant technology 

advancement, a re-evaluation of the available treatment process technologies would be warranted. 

3.4.2 Flows and Loads 

Plant 5 is hydraulically rated for 3.0 MGD with an expandable capacity of 6.0 MGD. The treatment 

technology evaluations for Plant 5 were based on the original design influent wastewater characteristics 

presented in the 2017 Sanitary Sewer Master Plan - Facilities prepared by Burns & McDonnell. 
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Table 3-22 Plant 5 Flows and Loads 

Parameters Units Average1 Max Month 1 2045 Average1,2 

Flow MGD 3.0 NA 6.0 

BOD mg/L 240 290 316 

BOD lbs/day 6,000 14,500 15,800 

TSS mg/L 185 230 276 

TSS lbs/day 4,600 11,500 13,800 

NH3-N mg/L 33 36 NA 

NH3-N lbs/day 825 1,800 NA 

TKN mg/L 48 53 64 

TKN lbs/day 1,200 2,600 3,200 

TP mg/L 6.7 8.4 8.0 

TP lbs/day 170 420 400 
1 Values extracted from 2017 Sanitary Sewer Master Plan - Facilities prepared by Burns & McDonnell. 
2 Concentrations (mg/L) were calculated based on flows and loading. 

3.4.3 Treatment Process Technologies 

Proven technologies and emerging technologies were evaluated to understand whether capital and/or 

O&M investment could be recognized. Emerging technologies were defined as processes that have been 

in operation full scale for up to 10 years. Two different treatment technologies were considered for Plant 

5.  The two treatment technologies including advantages and disadvantages are as follows:  

3.4.3.1 Aerobic Granular Sludge (AGS) Treatment Process 

The Aerobic granular sludge is a relatively new technology that relies on granules as opposed to 

suspended floc to provide treatment. The granules (Figure 3-16) have very good settling characteristics 

due to their size and density. Presently only one process solution is commercially available (Nereda) and 

sold by Aqua Aerobics. This would be considered an emerging technology with dozens of full-scale 

installations worldwide and several US installation in design construction.  

The Nereda AGS process is a sequencing batch reactor (SBR) but unlike conventional SBRs there is no 

decant phase, thus flow equalization is not required. Figure 3-17 shows the operation fill sequence. 

During the settling phase the granular biomass settles rapidly forming a dense blanket. During the reactor 

feed phase influent is diffused to the reactor across the floor. This provides a high F/M ratio under 

anaerobic conditions where granules thrive, influent is filtered by the blanket and the clean decant is 

pushup up and over the weir. After the initial seeding during startup the granules grow naturally and are 

retained through by wasting from the top of the settled solids. 



Treatment Alternatives [Part B] Revision D Facilities Improvements 

City of Wichita 3-40  Burns & McDonnell 

Figure 3-16 Granules 

   
 

Figure 3-17 Nereda Reactor Fill 

 

The AGS process can operate at volumetric loading rates roughly twice as high as conventional activated 

sludge. Because it requires neither primary nor secondary clarifiers it is very attractive for green field 

applications. A typical process configuration for AGS (Nereda) is shown in Figure 3-18. Effluent 

filtration may be required depending on the discharge limits. In most cases it is recommended. Because 

the influent enters the tank through a diffuser grid, fine screening is required (Ò 3mm). 
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Figure 3-18 Example AGS Process Schematic 

 

Advantages   Disadvantages  

¶ Reduced footprint  

¶ Downstream clarification not required  

¶ Improved sludge settleability  

¶ Simple operation (fully automated) 

¶ No separate stages/zones  

¶ Ability to retrofit in existing Plant 5 

basins  

¶ Emerging technology  

¶ Requires multiple trains/basins or equalization 

¶ Required deeper basins (20-30 ft) for optimized 

performance  

¶ Requires downstream filtration for enhanced 

nutrient removal  

¶ Requires fine screening 

 

Figure 3-19 Three Reactor Nereda Installation (Netherlands) 

 

3.4.3.2  Membrane Bioreactor (MBR) Treatment Process 

MBRs utilizes conventional activated sludge but instead of clarifiers membranes are used as a physical 

barrier to retain biomass as well as all particulates. It delivers superior effluent water quality over 
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conventional treatment and can reduce the footprint by 50% ï 70% since neither primary nor secondary 

clarifier are required. Because the process is no longer solids settling limited (clarifier) higher MLSS 

concentrations are possible. In practice MBRs are design for MLSS concentration between 7,000 ï and 

9,000 mg/L (process tanks), which is roughly three times that of conventional systems. The organic 

loading capacity is now limited by oxygen transfer. The actual capacity gain over convention treatment 

demand the design water temperatures more in colder climates and less where wastewater temperatures 

are above 20 °C.  

Another element that in unique to the MBR is its high RAS rate of 400 to 500 percent. The high recycle is 

necessary to provide sufficient cross membrane flux such that solids concentration in the membrane tank 

remain below 12,000 and 15,000 mg/L. The RAS rate eliminates the need for any additional internal 

recycle for denitrification, but it also recycles a lot of oxygen. In BNR applications we mitigate the 

impact of the high recycle DO with separate RAS deoxidation tanks and splitting the RAS between 

anaerobic and anoxic zones, (50 to 100 percent to the anaerobic zone). Figure 3-20 shows the basic 

schematic for a BNR MBR.  

While BNR MBRs can produce excellent effluent water quality they are not well suited to achieve 

nitrogen removal above 80 percent, precisely because of the high recycle which makes a second anoxic 

stage impractical.   

Most MBR systems rely of hollow fiber membranes (Figure 3-21) and while they have a long track 

record, they also have one major disadvantage; they are vulnerable to mechanical damage from debris that 

jams in between membrane modules. To avoid this, micro screens are used to screen 100% of the MBR 

influent. Other membrane designs like plate membrane or hollo fiber membranes that are not bound at the 

top reduce that risk, but micro screens are still recommended to keep hair and other small fibers out since 

there is no surface overflow. The lack of surface overflow also requires special provision for scum and 

foam removal. 

The membranes require periodic cleaning to undo membrane fouling and recover permeability and any 

MBR will come with a clean in place (CIP) system with different chemicals (citric acid, hypochlorite) and 

backwash water (permeate) storage tanks. Figure 3-22 shows the membrane tanks of an MBR. 
























































































